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ABSTRACT
This study investigates the threats to a breeding population of lesser flamingos
(Phoeniconaias minor) at Kamfers Dam in Kimberley, South Africa. The main threats
include water quality/quantity, algal food source abundance and exposure to
contaminants accumulating in the dam. Water quality testing and analysis of historical
water quality reports were used to analyze the effects of the physical and chemical
parameters on the algal assemblage at Kamfers Dam and determine if changes in the
water quality could predict changes in the algal assemblage. Arthrospira fusiformis, the
flamingos preferred food, was positively correlated with conductivity, total dissolved
salts and negatively correlated with total phosphorous. While significant correlations
were found, attempts to develop a model for predicting algal community composition
were unsuccessful due to strong multicollinearity among the water chemistry parameters.
Lesser flamingos were trapped at Kamfers Dam and blood and feather samples were
collected to analyze for trace element and organochlorine exposure. Blood samples were
also collected from nestling African fish eagles (Haliaeetus vocifer) in the Kimberley
area to analyze for organochlorines. Concentrations of cadmium, copper, chromium,
iron, lead, mercury, nickel, selenium and zinc were detected in the flamingo feathers.
Lesser flamingo blood was positive for both cadmium and lead. Although some trace
element concentrations were considered high in comparison with other species, none of
the metals appear to be having a negative effect on the health of the birds. Lesser
flamingo plasma was positive for concentrations of 20 organochlorines and African fish
eagle plasma was positive for 8 organochlorines. DDT was found in 16 (n = 17)
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flamingo samples and all 13 fish eagle samples while PCBs were found in 15 of the
flamingo samples and 6 of the fish eagle samples. Several eagles had 4,4’-DDT in their
plasma indicating recent exposure although the source is unknown, these nests were
grouped closest to Kimberley. While concentrations found in both lesser flamingos and
fish eagles were mostly below levels of concern, the lack of published data on 2,4’-DDE
concentrations in wildlife and toxicity values for this specific degradation product point
to a need for monitoring this analyte. Continued monitoring of the water quality of
Kamfers Dam as well as concentrations of organochlorines in the avifauna in the
Kimberley area is warranted.
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CHAPTER ONE
INTRODUCTION
THE LESSER FLAMINGO
The lesser flamingo (Phoeniconaias minor) is the smallest and most numerous of
six species of flamingo (Childress et al. 2008; Fowler and Cubas 2001). As an obligate
filter feeder, they feed primarily on cyanobacteria and diatoms with the majority of their
diet consisting of the cyanobacteria Arthrospira fusiformis (Anderson et al. 2004; Fowler
and Cubas 2001; Vareschi 1978; Williams and Velasquez 1997). Feeding habitat
consists of shallow, usually saline/alkaline water such as saline lakes, coastal mudflats
and lagoons, salt pans, and salt works; which support the growth of their preferred food
(Fowler and Cubas 2001; Vareschi 1978; Williams and Velasquez 1997). They have a
deep-keeled bill equipped with very fine lamellae which they use to filter feed mostly on
the top 6 cm of water; although they have been observed feeding on the bottom mud,
most likely on benthic diatoms (Brown 1973; Fowler and Cubas 2001). They are able to
filter feed while walking in shallow water and while swimming in deeper water which
allows them to utilize the entire lake for feeding (Brown 1973). They require several
hours of calm surface water in order to feed as they are unable to feed if the waves
exceed 15 cm (Brown 1973; Childress et al. 2008).
Lesser flamingos are found in 30 countries in West Africa, sub-Saharan Africa
and Southern Asia (Childress et al. 2008). According to the Single Species Action Plan
for the Conservation of the Lesser Flamingo there are four separate populations
recognized (Childress et al. 2008). The East African population is the largest with
1

approximately 1.5 to 2.5 million birds; the West African population has approximately
15,000 to 25,000 birds, southern Africa’s population is estimated at 55,000 to 65,000
birds, and north-western India is estimated to have 390,000 lesser flamingos (Childress et
al. 2008). While these birds are numerous, they are listed as near threatened according to
the 2008 IUCN Red List due to rapid decline in population and threats to important
breeding sites (Bird Life International 2004). Natural and anthropogenic factors affecting
their habitat and food supply are contributing to the declining population numbers (Bird
Life International 2004; Howard 1997; Nasirwa 1997; Simmons 1997; Simmons 2000;
Wetlands International 2002). While population counts have been sporadic, from the data
available it has been estimated that lesser flamingo populations have declined by 20-30 %
since the 1970’s (Anderson et al. 2004; Simmons 2000).
Lesser flamingos nest in colonies of tens of thousands of individuals. Breeding
habitat is usually a shallow pan or lake which is relatively free of disturbances such as
predators and humans and has the ideal water level, low enough to not flood their nest
structure but deep enough to withstand evaporation and keep terrestrial predators away
(Anderson 2008; Childress et al. 2008). They can be highly sensitive to disturbance
especially during breeding and will abandon nesting attempts, eggs and chicks if
disturbed (Anderson 2008; Anderson et al. 2004; Fowler and Cubas 2001). There are
only five known breeding sites for lesser flamingos in the world, Sua Pan in Botswana,
Etosha Pan in Namibia, Lake Natron in Tanzania, and Zinzuwada and Purabcheria salt
pans in India (Childress et al. 2008). Breeding occurred at Lake Abijata in Ethiopia
producing 3,000 chicks in 2005 and at Kamfers Dam in South Africa in 2008, 2009, and
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2010 producing 9,000, 13,000, and 500 chicks, respectively (Anderson and Anderson
2010; Childress et al. 2008). It is unknown if these new breeding locations will be used
on a regular basis.
The most important threat to lesser flamingos is degradation and loss of feeding
and breeding habitat (Childress et al. 2008). This habitat degradation and loss comes
from altered hydrology, poor water quality, extraction of salt and soda ash, and disruption
of breeding colonies by humans (Childress et al. 2008). Other threats include disruption
of nesting by predators, human disturbance at non-breeding sites, predation, poisoning,
disease, harvesting of eggs and birds, and competition for food and breeding sites
(Childress et al. 2008).
KAMFERS DAM
Kamfers Dam is a large wetland situated seven km north of the city of Kimberley
which is located in the Northern Cape Province of South Africa (Figure 1.1,1.2) (Roux
2006). It is recognized as a Natural Heritage Site and an Important Bird Area because of
its importance as habitat for water birds and its importance as a feeding site for the lesser
flamingo (Flack-Davidson 2009). Originally this wetland was an ephemeral pan, only
filled with water by heavy rains. For more than 30 years the Homevale Sewage Works
outflow has drained into the dam making it a perennial wetland and an oasis for
waterbirds. This dam is a natural salt pan and along with the nutrient inputs from the
sewage works, is very favorable environment for massive blooms of Arthrospira
fusiformis (Anderson 2008). The majority (95%) of the land around the dam is privately
owned game farm (Flack-Davidson 2009). The waste water treatment plant, owned by
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the Sol Plaatje Municipality, is located on the southern edge of Kamfers Dam, with its
outflow into the dam. The facility has not been upgraded in over thirty years and is
operating in disrepair and over maximum capacity. This plant was deemed a severe risk
to Kamfers Dam by the South African Government’s Department of Water Affairs and
Forestry (Flack-Davidson 2009). The waste water treatment plant has been unable to
process the increasing amounts of water coming from the growing city of Kimberley,
allowing raw sewage to be discharged into Kamfers Dam.
FLAMINGO BREEDING ISLAND
In late 2006 Ekapa Mining began the construction of an artificial breeding island
for the lesser flamingos at Kamfers Dam, designed similarly to the greater flamingo
breeding island in Camargue, France (Anderson and Anderson 2010; Flack-Davidson
2009; Roux 2006). The island was built at the northwestern edge of the dam, 200 m from
shore to minimize disturbance from humans and terrestrial predators (Figure 1.2) (FlackDavidson 2009; Roux 2006). The island was constructed in an ‘S’ shape, 150 m long and
25 m wide with the long axis facing the wind to minimize erosion and to create two
sheltered bays (Flack-Davidson 2009; Roux 2006). The island was built at 1.8 m tall,
from the bottom of the pan, with the high water mark of the dam being at a depth of 1.6
m and the water level at the time of building at 0.4 m deep (Roux 2006). Four ponds
were constructed in the middle of the island, filled by a solar powered, submerged pump
to provide the water for nest building (Flack-Davidson 2009). Over 26,000 tonnes of
calcrete were used to build the island which was topped with a layer of clay to provide
material for building nest turrets (Anderson and Anderson 2010; Flack-Davidson 2009).
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The approximate cost for the construction of this breeding island was 500,000 ZAR, or
$73,000 USD (Anderson and Anderson 2010).
Monthly bird counts of Kamfers Dam, prior to building the breeding island, have
shown an average population of 20,000 lesser flamingos, with spikes in those numbers
reaching 50,000 birds (Anderson 2008). Lesser flamingo numbers have increased to
80,000 birds at Kamfers Dam since the constructing of the island, with approximately
30,000 birds roosting on the island within months of finishing construction (Anderson
and Anderson 2010). Lesser flamingos attempted to breed on the shores of Kamfers
Dam prior to building the island but their attempts were unsuccessful due to human
disturbance and receding water levels during summer months (Anderson 2008; Anderson
and Anderson 2010). Since completion of the island, there have been three consecutive
successful breeding seasons for the lesser flamingos. The 2007/2008 breeding season
produced approximately 9,000 chicks, in 2008/2009 approximately 13,000 chicks were
produced, and in 2009/2010 500 chicks were produced. During the 2009/2010 breeding
season, heavy rain coupled with increased effluent from Kimberley caused water levels to
rise past the high water mark and flood the breeding island causing more than 1,000
chicks to drown, eggs to be washed away and 7,500 nests to be destroyed (Anderson and
Anderson 2010).
The Kamfers Dam flamingo breeding island represents the first time lesser
flamingos have bred on an artificial structure, and the first successful breeding in South
Africa (Anderson and Anderson 2010). Kamfers Dam could be the world’s sixth
breeding location for lesser flamingos and the fourth in Africa if lesser flamingos
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continue to breed at this location. Lesser flamingos rarely breed in consecutive years; at
other breeding locations in Africa, there can be up to 10 years between successful
breeding seasons, making this breeding island especially important (Simmons 1996).
CURRENT STUDY
This study began with a screening level investigation into the constraints on the
success of a breeding population of lesser flamingos at Kamfers Dam in Kimberley,
South Africa. Initially many stressors were included in the list of possible impediments
to the success of this population including: human disturbance, disturbance by predators
and domestic animals such as jackals (Canis mesomelas), dogs, and fish eagles
(Haliaeetus vocifer), disturbance by aircraft flying near the dam and a train running
directly next to the dam, poisoning by cyanobacterial toxins, hydrogen sulfide gas
poisonings from the anoxic sediments in the dam, disease, and exposure to contaminants
including organochlorine pesticides and metals (Anderson 2008; Beasley et al. 2004;
Childress et al. 2008; Kock et al. 1999; Krienitz et al. 2003; Motelin et al. 2000; Nelson
et al. 1998; Simmons 1996; Williams and Velasquez 1997).
With the observation of three successful breeding seasons at Kamfers Dam,
several of the potential stressors from our initial list have been ruled out. The
inaccessibility of the breeding island from the shore and the private fenced property mean
little disturbance to the breeding island by people or other animals. While the lesser
flamingos feeding near shore are occasionally disturbed by jackals or other predators, it
has not caused the abandonment of the dam or breeding attempts on the island. The birds
are undisturbed by the trains or aircraft, which are required to maintain a safe distance
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from the dam as to not disturb the birds. Repeated water quality testing has shown no
cyanobacterial toxins and there have been no incidence of problems with hydrogen
sulfide gas (Hill et al. 2013; Roos 2010a; Roos 2010b; Roos 2012).
After the initial success of the breeding island at Kamfers Dam it became clear
that the most imminent threat to breeding success at this location was the water level in
the dam. At the initiation of this study, the water quality of the effluent coming from the
waste water treatment plant was of extremely poor quality, with untreated sewage water
being released into the dam (Kwezi V3 Engineers 2006; Roos 2008). The poor water
quality caused hypereutrophic conditions in the dam, and due to the natural salinity of
this salt pan, the main food source of the flamingos, Arthrospira fusiformis was available
in abundance (Anderson 2008; Hill et al. 2013). While the excess nutrients were good
for growing algae, this poor water quality meant that the waste water from the city of
Kimberley could not be diverted anywhere else and the water level in the dam began to
rise. Four years after its construction, and during the third successful breeding season,
the island was flooded and eventually completely under water (Roos 2012). In the time
since the island was flooded, the municipality has upgraded its water treatment facilities
and some of the treated water has been diverted to another pan. Unfortunately, now the
problem has swung in the opposite direction with the dam water level becoming too low
(Beangstrom 2016).
Based on literature, observations of the flamingos at Kamfers Dam and the
unique water situation at Kamfers Dam, the main threats to this population of lesser
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flamingos that this study will focus on are: water quality/quantity, algal food source
abundance and exposure to contaminants accumulating in the endorheic dam.
The second chapter is titled: "Effects of water quality changes on phytoplankton
and lesser flamingo populations at Kamfers Dam, a saline wetland near Kimberley, South
Africa." This chapter was published in the African Journal of Aquatic Science (Hill et al.
2013). There are many publications on the algal species, water chemistry and flamingo
populations in the alkaline-saline lakes of the Great Rift Valley of East Africa. Changes
in the algal assemblages at these flamingo habitats are often correlated with fluctuations
the number of lesser flamingos present at these locations (Simmons 2000; Tuite 2000).
Water quality testing and analysis of historical water quality reports were used to analyze
the effects of the physical and chemical water quality parameters on the algal assemblage
in Kamfers Dam. The objectives of the second chapter were (1) to monitor the changes
in water quality and phytoplankton community at Kamfers Dam and (2) to determine
whether changes in the water quality could be used to predict changes in the algal
community.
Metals and other trace elements have been suggested as one of the contributors in
mass die-off events of lesser flamingos at other habitats in Africa (Mlingwa and Baker
2006; Nelson et al. 1998). The third chapter is titled: "Analysis of feathers and blood for
trace element exposure from a population of lesser flamingos at Kamfers Dam, in
Kimberley South Africa." This chapter examines lesser flamingo feathers from Kamfers
Dam for the presence of metals and other trace elements. The objectives of this chapter
were to (1) determine concentrations of As, Cd, Cu, Cr, Fe, Pb, Hg, Mo, Ni, Se and Zn in
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the feathers of healthy lesser flamingos at Kamfers Dam and (2) determine concentrations
of Cd and Pb in the plasma and red blood cell components of blood samples from the
same set of lesser flamingos for comparison with concentrations found in feathers and for
further comparison with data from published literature.
The fourth chapter is titled: "Comparison of two species of aquatic birds, lesser
flamingos and African fish eagles, at different trophic levels as indicators of persistent
organic pollutant exposure in the Kimberley area of South Africa." Many organic
pollutants are known to bioaccumulate in biota and biomagnify as they move up the food
web towards tertiary predators (Donaldson et al. 1999; Dykstra et al. 2010; Ruus et al.
1999). Lesser flamingos are primary consumers, eating cyanobacteria. Typically, one
would assume that birds on this tropic level would have lower concentrations of
persistent organic pollutants than organisms higher in trophic levels, such as African fish
eagles, located in the same area. Because tertiary predators like fish eagles are often used
as sentinel species for pollutants, there is more published research on these species for
comparison with our data (Bowerman et al. 2003; Helander et al. 2008; Hollamby et al.
2004a; Nordlof et al. 2012; Pittman et al. 2015). Fortunately, there has been routine
African fish eagle monitoring and sampling in the Kimberley area, so we were able to
examine plasma samples from both our primary species of interest, the lesser flamingo,
and a tertiary aquatic predator also located in the Kimberley area. Plasma samples from
lesser flamingos captured at Kamfers Dam (Figure 1.2) and nestling African fish eagles
in nests near Kamfers Dam and along the Vaal River in the Northern Cape (Figures 1.3,
1.4) were analyzed for 30 organochlorine compounds including PCBs and DDT. The
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objectives of this chapter were to (1) determine the concentration of 30 OC compounds in
the plasma of lesser flamingos and African fish eagles from the Kimberley area of the
Northern Cape; and (2) compare these concentrations to data from published literature to
determine if persistent organic pollutants are a potential threat to the avifauna of the
Northern Cape and more specifically to the breeding population of lesser flamingos at
Kamfers Dam.
The fifth and final chapter is a summary of our findings and discussion on the
validity of our assumptions about important stressors to the lesser flamingos at Kamfers
Dam.
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FIGURES

Figure 1.1: Map of the city of Kimberley and location of Kamfers Dam.
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Figure 1.2: Map of Kamfers Dam, flamingo breeding island and trapping sites along
with the location of Kamfers Dam within South Africa.
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Figure 1.3: Location of the Vaal River in South Africa.
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Figure 1.4: Satellite view of the Vaal River in relation to Kamfers Dam with African fish
eagle (Haliaeetus vocifer) nest locations identified.
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CHAPTER TWO
EFFECTS OF WATER QUALITY CHANGES ON PHYTOPLANKTON AND
LESSER FLAMINGO POPULATIONS AT KAMFERS DAM, A SALINE WETLAND
NEAR KIMBERLEY, SOUTH AFRICA
INTRODUCTION
Saline lakes in Africa are a unique habitat with extreme fluctuations in water
level, physical and chemical parameters and species composition (McCulloch et al. 2008;
Schagerl and Oduor 2008). Many of these lakes are ephemeral and endorheic,
accumulating a buildup of minerals causing high alkalinity and salinity, and creating an
extreme environment which limits the species of algae, as well as higher plants and
animals, occurring in these water bodies (McCulloch et al. 2008). The phytoplankton
communities of these lakes are very dynamic. The phytoplankton assemblage can
change rapidly with fluctuating water levels and is often made up of a single or few
species of algae which are highly specialized to these conditions and can produce a high
biomass (Schagerl and Oduor 2008). Many suggestions have been made about what
causes the sudden changes in the phytoplankton communities and why some species can
obtain almost complete dominance at such high biomass in these water bodies (Ballot et
al. 2004; Melack 1988; Okoth et al. 2009; Schagerl and Oduor 2008).
Precipitation events which alter the chemical and physical environment of these
lakes may destabilize the lake environment enough to allow for change in the
phytoplankton community (Schagerl and Oduor 2008). These lakes often are shallow,
with very rigid and extreme physical and chemical parameters sometimes giving a
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cyanobacteria species like Arthrospira fusiformis an advantage over species which lack
specialization for those conditions (Okoth et al. 2009; Schagerl and Oduor 2008). It is
commonly assumed that A. fusiformis’ ability to migrate vertically in the water column,
due to the presence of gas vesicles within its cells, allows it to maintain a position in the
water column that receives optimum light intensity (Schagerl and Oduor 2008). This also
blocks the light to other species and prevents the cyanobacteria from settling to the
bottom where light and nutrients may not be available (Schagerl and Oduor 2008). A.
fusiformis may produce allelochemicals which inhibit the growth of other algal species,
possibly explaining their ability to create massive single species blooms (Schagerl and
Oduor 2008; Schagerl et al. 2002). Viruses have also been suggested to play a role in
controlling cyanobacteria species (Schagerl and Oduor 2008; Tucker and Pollard 2005).
The entire water column of these shallow lakes (usually less than 1.5m) is mixed
on a daily basis, keeping nutrients suspended in the water and readily available for use,
allowing for the extremely high biomass of phytoplankton (Okoth et al. 2009). The
primary productivity of these saline lakes support many other organisms including large
flocks of lesser flamingos (Phoeniconaias minor), whose primary food is A. fusiformis
(Childress et al. 2008; Kebede 1997). Lesser flamingos depend on these alkaline/saline
lakes for feeding and for breeding. As obligate filter feeders, they use their highly
specialized bills to rapidly filter water containing algae (Brown 1975). Due to their
specialization for feeding on certain types of algae, these birds are dependent on the often
ephemeral alkaline/saline lakes where these algae grow. It is thought that this
dependence, combined with anthropogenic factors including degradation of these water

20

sources, has caused populations to decline by approximately 20% in the past thirty years
(Childress et al. 2008). There are only five established breeding sites for the lesser
flamingo in the world, Lake Natron in Tanzania, Sua Pan in the Makgadikgadi Pans of
Botswana, Etosha Pan in Namibia and the Zinzuwadia and Purabcheria Salt Pans in India
(Childress et al. 2008). Breeding has occurred at other sites in Africa including Lake
Abijata in Ethiopia and at Kamfers Dam, on an artificial breeding island, in South Africa
but it is unknown if these will become established as regular breeding sites (Anderson
and Anderson 2010; Childress et al. 2008).
Kamfers Dam is a large wetland situated seven kilometers north of the city of
Kimberley, which is located in the Northern Cape Province of South Africa (Figure 2.1).
This wetland began as an ephemeral pan; but for more than 30 years the Homevale Waste
Water Treatment Works’ outflow has drained into the dam, creating a perennial wetland
and an oasis for waterbirds in the semi-arid Northern Cape. It is recognized as a Natural
Heritage Site by the government of South Africa and an Important Bird Area by BirdLife
South Africa because of its importance as habitat for water birds and as a feeding site for
the lesser flamingo (Flack-Davidson 2009). The waste water treatment plant located at
the southern edge of the dam is in disrepair and is unable to process the increasing
quantity of water coming from the growing city of Kimberley, allowing raw sewage to be
discharged into Kamfers Dam. This dam is a salt pan, and the increased salinity along
with the nutrient inputs from the sewage works, creates a very favorable environment for
massive blooms of A. fusiformis (Anderson 2008). This abundance of algae has
attracted large flocks of lesser flamingos, with the average population size being 20,000
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birds sometimes rising to 80,000, which is thought to be the majority of the southern
African population (Childress et al. 2008).
An artificial breeding island for the flamingos was built at the northwestern edge
of the dam in 2006. The flamingos took advantage of the island and produced 22,000
chicks in three consecutive breeding seasons from 2007 to 2009. At the peak of the
breeding, the population count was estimated at more than 80,000 flamingos, well
exceeding the maximum population estimates for the dam. Due to the increasing quantity
of water coming from the city of Kimberley and above average rainfall, the water level in
the dam gradually rose past the high water mark, flooding the island during the third
breeding season in 2009, causing many chicks to drown and most breeding attempts to be
abandoned. Currently, the island is approximately 2 meters under water and the
population is estimated to be 20,000 birds as of May 2012 (Roos 2012).
In order to maintain wetlands like Kamfers Dam as acceptable habitat for lesser
flamingos it is essential to monitor the water quality and understand the relationship
between the water chemistry and the phytoplankton community. Kamfers Dam has a
water quality and quantity problem; the water quality in the dam is poor due to the raw
sewage meaning possible exposure to contaminants, and the increasing amount of water
is creating unfavorable breeding conditions and changing the water chemistry, which
could affect which algal species are successful in Kamfers Dam. Understanding how the
water chemistry affects the algae may provide vital information about what water
chemistry parameters are important to monitor on a regular basis. Water quality and
quantity goals could then be established attempt to provide favorable conditions for A.
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fusiformis to remain the dominant algal species in Kamfers Dam. The ability to maintain
the lesser flamingos’ favored food source at a breeding location may contribute to the
successful breeding of this near threatened species. The objectives of this study were
first to monitor the changes in water quality and the phytoplankton community at
Kamfers Dam and second, to determine if changes in the water quality can be used to
predict changes in the algal community.
METHODS
Study Area
Kamfers Dam, with a surface area of approximately 500ha, in Kimberley,
Northern Cape Province, South Africa, is the focus for this study. The city of Kimberley
lies to the south of Kamfers Dam and has a population of approximately 243,000
(Community Survey 2007). The city water supply comes from the Vaal River located to
the north of Kamfers Dam. Kamfers Dam receives storm water runoff and sewage
effluent from the city of Kimberley and rainfall from a catchment area of 160 km 2 with
the average yearly precipitation of 414 mm (Community Survey 2007).
Sampling
Four water quality samplings were conducted in April 2009, March 2010,
September 2010, and August 2011 and three historical water quality reports were
obtained which analyzed water quality in Kamfers Dam in January 2005, July 2008, and
November 2008. Water samples were collected from three sites at Kamfers Dam.
Sampling sites during 2009 – 2011 were chosen to correspond with sampling locations
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used in previous water quality reports. One sample (K1) of the sewage effluent was
collected at the location where the effluent enters Kamfers Dam (28.69019°S,
24.75353°E). The second (K2) and third (K3) samples were collected on the eastern edge
of the dam near the railway tunnel (28.67446°S, 24.75459°E) and on the north-western
edge of the dam, south of the flamingo island (28.67517°S, 24.77523°E) (Figure 2.1). At
each sampling site, 3 L of water was collected in plastic bottles for water chemistry
analysis, 100 mL of water was collected for bacteriology in sterile glass bottles, and 1 L
of water was collected in plastic bottles for algal analysis. All samples were stored on ice
and shipped by overnight courier for immediate analysis. Samples were analyzed at the
Institute of Groundwater Studies at the University of the Free State in Bloemfontein,
South Africa. Algae samples were analyzed at the School of Environmental Sciences and
Development, North West University, in Potchefstroom, South Africa.
Parameters measured during these analyses included: aluminum, ammonium,
arsenic, biological oxygen demand, cadmium, calcium, chloride, chlorophyll-a,
Clostridium, conductivity, chemical oxygen demand, copper, chromium, Escherichia
coli, total coliforms, fluoride, iron, lead, magnesium, manganese, nitrate, pH, phosphate,
silica, sodium, sulphate, total dissolved salts, total nitrogen, total phosphorous, turbidity
and zinc. Algae samples were identified to the species level where possible, otherwise to
the genus level.
Data Analysis
Physicochemical parameters used in statistical analysis included pH, conductivity,
sodium, chloride, total dissolved salts, total nitrogen, total phosphorous, silica, turbidity,
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chlorophyll-α concentration and algal cells per milliliter. Algae were grouped first by
class then by genus for analyses and data from sites K2 and K3 were combined into one
average (KD) for subsequent analyses as sites K2 and K3 were never statistically
different from each other. Data were non-normal/skewed so non-parametric approaches
were used for statistical analyses. These analyses involved several steps. First,
ANCOVA, based on ranks, with date as the covariate and site as the treatment was used
to determine if there were differences among the sites for each physicochemical
parameter and algal density. Contrasts were used to determine specific differences
among sites. Second, within each sampling site, ANOVA, based on ranks, was used to
determine differences in physicochemical parameters and algal densities over time.
Third, Spearman rank correlation was used to look for relationships among
physicochemical parameters and algal densities. Finally, multiple regression analysis
was used to build a predictive model of algal density as a function of the physicochemical
parameters. Calculations were performed using model fitting in JMP (SAS Institute Inc.
2007).
RESULTS
Table 2.1 contains a summary of the results of the seven water quality analyses.
For pH, conductivity, sodium, chloride, and total dissolved salts, the sewage effluent and
Kamfers Dam sites were significantly different for the majority of the sampling dates (p <
0.05, Table 2.1). Figure 2.2 depicts trends over time in several physicochemical
parameters in Kamfers Dam. Several parameters showed a statistically significant
decrease over time (p < 0.05) at the two Kamfers Dam sampling sites including pH,
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conductivity, sodium, chloride, and total dissolved salts. None of the parameters showed
a significant trend over time at the sewage effluent sampling site.
The composition of algal classes changed over time in both the sewage effluent
(Figure 2.3) and the Kamfers Dam sampling sites (Figure 2.4) but there were no
statistically significant trends over time. Twenty-five algal genera were identified
representing six classes (Table 2.2). A. fusiformis was consistently present in Kamfers
Dam at each sampling date, though its density varied from 1800 to 6.2 million cells per
milliliter.
Several correlations were found between densities of algal groups at the class
level and physicochemical parameters as well as correlations among algal classes.
Bacillariophyceae was negatively correlated with overall algal cell density (Spearman ρ =
-0.552, p = 0.033) and Cyanophyceae (Spearman ρ = -0.541, p = 0.046). Chlorophyceae
was positively correlated with total phosphorous (Spearman ρ = 0.539, p = 0.038) and
negatively correlated with Cyanophyceae (Spearman ρ = -0.825, p = 0.0003).
Euglenophyceae was negatively correlated with turbidity (Spearman ρ = -0.639, p =
0.034) and positively correlated with Cryptophyceae (Spearman ρ = 0.583, p = 0.023).
Chrysophyceae was positively correlated with conductivity (Spearman ρ = 0.586, p =
0.022), sodium (Spearman ρ = 0.586, p = 0.0218), chloride (Spearman ρ = 0.592, p =
0.020), and total dissolved salts (Spearman ρ = 0.592, p = 0.020) and negatively
correlated with total phosphorous (Spearman ρ = -0.586, p = 0.022). Our species of
interest, A. fusiformis, was positively correlated with conductivity (Spearman ρ = 0.561, p
= 0.029), sodium (Spearman ρ = 0.615, p = 0.015), chloride (Spearman ρ = 0.536, p =
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0.039) and total dissolved salts (Spearman ρ = 0.572, p = 0.026) and was negatively
correlated with total phosphorous (Spearman ρ = -0.718, p = 0.003). While significant
correlations were found, attempts to develop a model for predicting phytoplankton
community composition, using several of the parameters and algal group densities in
combination, was unsuccessful due to strong multicollinearity among the
physicochemical parameters.
DISCUSSION
The pH of Kamfers Dam ranged from 8.9 to 9.7, which was lower than published
pH levels for other flamingo lakes in Kenya including Lake Nakuru , Lake Simbi, Lake
Sonachi, Lake Bogoria and Lake Elmenteita (Table 2.3) (Ballot et al. 2004; Ballot et al.
2005; Ballot et al. 2003; Okoth et al. 2009; Vareschi and Jacobs 1985). Lake Baringo,
Lake Naivasha, and Lake Oloidien in Kenya and Sua Pan in Botswana were more similar
in pH to Kamfers Dam (Table 2.3) (Ballot et al. 2009; Ballot et al. 2003; McCulloch et al.
2008). Kamfers Dam’s highest total nitrogen level of 18.4 mg/L N was higher than most
other reported values for lakes where lesser flamingos can be found, and is to be expected
considering that Kamfers Dam is continually filled with untreated sewage water (Table
2.3) (Ballot et al. 2004; Ballot et al. 2005; Ballot et al. 2003; Okoth et al. 2009; Vareschi
and Jacobs 1985). Lake Nakuru had higher reported total phosphorous levels than
Kamfers Dam in 1972-1973 (10 mg/L P) and 2001-2002 (39.9 mg/L P). Lake Bogoria
also had a higher reported total phosphorous of 33.4 mg/L P (Table 2.3) (Ballot et al.
2004; Vareschi and Jacobs 1985). The salinity of Kamfers Dam, reported here as total
dissolved salts, has decreased from over 17 to 4.5 g/L in six years from August 2005 to
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August 2011due to dilution with freshwater. Published salinities for other flamingo lakes
ranged from 0.23 to 50 g/L and individual lakes had large fluctuations in salinity over
time (Table 2.3). A. fusiformis can tolerate a wide range of salinities and salinity is not
the only factor that determines the growth and dominance of this cyanobacterium
(Kebede 1997; Vareschi 1982). Kebede (1997) reported that the highest growth rates of
A. fusiformis were achieved at the lowest salinities tested (13 g/L). Our data show that
the highest cell densities and greatest percent compositions of A. fusiformis occurred
when salinity was between 9 and 11 g/L (November 2008 to April 2009), while A.
fusiformis density was much lower in August 2005 when the highest salinity was
recorded at 17.4 g/L. Table 2.4 lists dominant phytoplankton in Kamfers Dam over time
as well as in other flamingo lakes in Africa.
In Kamfers Dam, the parameters measured in this study are not the only
determining factors for the phytoplankton community. There was no clear trend between
changes in the water quality and the changes occurring in the phytoplankton assemblage
suggesting that factors which were not measured are playing a role in determining the
makeup of the phytoplankton community. Diatoms and green algae were negatively
correlated with cyanobacteria. One possible explanation for this result could be the
ability of some cyanobacteria to produce allelopathic chemicals which inhibit the growth
of other types of phytoplankton (Schagerl et al. 2002). Cyanobacteria grow remarkably
well and form water blooms when four conditions converge: the wind is quiet or mild,
and the water is between 15 and 30 °C, is neutral to alkaline (pH of 6 to 9) and contains
an abundance of the nitrogen and phosphorus (Carmichael 1994). This ability to produce
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allelopathic chemicals along with other factors favorable to cyanobacteria, including their
ability to produce gas vesicles, could explain the periodic dominance of A. fusiformis in
Kamfers Dam.
Although we were not able to clearly define all of the factors affecting the
phytoplankton community at Kamfers Dam, it is clear that a management plan for this
important bird habitat must include bringing the sewage treatment plant up to current
repair, introducing proper plant management, ensuring that outflow from the plant is up
to South African water quality guidelines and maintaining a manageable water level.
Managing the water level of the dam would have multiple benefits. While it may not be
possible to manage the water quality to create ideal conditions for A. fusiformis, bringing
the water level down to a manageable level may be enough to allow the dam to function
more like other natural flamingo salt pans. Also, by decreasing water levels, the
flamingos may be able to once again use the breeding island. Continued monitoring of
the water quality and algal community at Kamfers Dam is necessary both to continue to
put together the pieces of how water quality affects the algal community and to monitor
for contaminants and for the presence of cyanobacterial species which produce toxins.
In February 2012 a brief water quality study was completed for Kamfers Dam and for the
first time the potentially toxic cyanbacteria Microcystis was found in small amounts
(personal communication, Dr. Lothar Kreinitz). As contaminants such as metals and
cyanobacterial toxins have been implicated in die-offs of large numbers of flamingos in
Africa, these factors may pose a serious risk to the population of lesser flamingos at
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Kamfers Dam (Anderson et al. 2004; Kock et al. 1999; Krienitz et al. 2003; Motelin et al.
2000; Nelson et al. 1998).
Lesser flamingos depend on a small number of water bodies in Africa for feeding
and an even smaller number of locations for breeding, making them very vulnerable
because these same water bodies are threatened by human disturbance (Zaccara et al.
2008). It is essential to be able to monitor the habitats that these birds depend on.
Although these alkaline/saline lakes look similar at first glance, each lake is unique in its
biotic and abiotic components and these components are not stable or static. The
physicochemical parameters and species composition of these lakes change over time,
due to normal environmental factors such as rainfall and anthropogenic influence; all of
which complicates our ability to make any predictions about these habitats. Because we
may not be able to control these habitats to promote ideal conditions for a specific species
of algae, the best approach may be to maintain the habitats in their natural state, allowing
the algal community to cycle naturally, which is what the flamingos are already adapted
to.
The unpredictable breeding and movements of lesser flamingos as well as their
preference for remote and inaccessible habitats make studying the birds themselves
difficult. Breeding is intermittent in this species and it is still unknown what specific
environmental factors must be present to initiate breeding. Kamfers Dam is an important
habitat for this species in southern Africa and its accessibility as well as the ability to
observe the breeding birds relatively closely makes it a good location for conducting
research. More research into effective management of these important habitats is needed
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and a one-size-fits-all approach will most likely not be possible due to the uniqueness of
these habitats and their unstable nature.
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Table 2.1: Physicochemical parameters in Kamfers Dam and in sewage effluent for
each sampling date
Aug
2005

Sampling date
Parameter
pH

Units
standard
units

Jul
2008

Nov
2008

Apr
2009

Mar
2010

Sep
2010

Aug
2011

Kamfers Dam (Mean of sites K2 and K3)
9.3

a

9.7

b

9.7

b

8.9

b

9.5

b

9

b

9.2

b

Conductivity

mS/m

2218

b

1427

b

1576

b

1057

b

1079

b

969

b

650

a

Sodium

mg/L

5478

b

3095

b

3423

b

2965

b

2097

b

1898

b

1213

a

Chloride
Total
Dissolved
Salts

mg/L

5721

b

3764

b

4471

b

3665

b

2451

b

2601

b

1709

a

mg/L

17360

b

9966

b

11524

b

9265

b

7377

b

6884

b

4520

a

18.4

a

13.8

a

5.8

a

16.5

a

7.2

a

12.5

a

*

mg/L P

6.2

a

4

a

1.5

a

3.9

a

3.2

a

4.7

a

*

Silica

mg/L

0.3

a

<0.5

a

1.1

a

2.9

a

0

a

1.5

a

2.7

a

Turbidity

NTU

315

a

30

a

66

a

228

a

191

a

32

a

91

a

Chlorophyll-α

ug/L

385

a

290

a

216

a

*

378

a

152

a

375

a

Total Nitrogen mg/L N
Total
Phosphorous

Effluent (site K1)
standard
units
mS/m

9

a

7.4

a

7.3

a

7.6

a

7.3

a

7.3

a

7.4

a

1490

a

213

a

110

a

513

a

113

a

116

a

127

a

Sodium

mg/L

3172

a

170

a

132

a

1290

a

97

a

81

a

100

a

Chloride
Total
Dissolved
Salts

mg/L

3816

a

190

a

142

a

1639

a

107

a

97

a

136

a

mg/L

10760

a

1570

a

854

a

4381

a

797

a

815

a

939

a

13.6

a

100

a

0.7

a

11

a

38.2

a

44

a

*

mg/L P

5.9

a

27.4

a

16.1

a

3.9

a

6.3

a

5.9

a

*

mg/L

1.8

a

12.5

a

5.7

a

4.2

a

a

5.6

a

12.4

41

a

171

a

268

a

38

a

31

a

74

a

269

90

a

235

a

1

a

1

a

73

a

1

pH
Conductivity

Total Nitrogen mg/L N
Total
Phosphorous
Silica
Turbidity
Chlorophyll-α

NTU
ug/L

*

*measurement not available for this sampling date
a,b

for each sampling date, values with same superscript letter were not statistically
different
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Table 2.2: Presence of algal classes and genera found in the sewage effluent and in Kamfers Dam
for each sampling date (K1- site K1 sewage effluent, KD - mean of sites K2 and K3 in Kamfers
Dam)
S ampling date

Aug 2005 Jul 2008 Nov 2008 Apr 2009 Mar 2010 S ep 2010 Aug 2011
K1* KD K1 KD

Class

Genus

Cyano phyceae

Arthrospira sp.

+

Oscillatoria sp.
Cyclotella spp.

+

+

+

+

+

+

Chaetoceros sp.

+

Cymbella sp.

+

Bacillario M elosira sp.
- phyceae Nitzschia sp.

K1 KD K1 KD

+

+

+

+

+

+

K1 KD K1 KD K1 KD
+

+
+

+

+
+
+

+

+

+

+

+

+

+

Amphora sp.

+

+

Navicula sp.

Chloro phyceae

+

+

+

Achnanthes sp.

Chodatella sp.

+

+

+
+

Chlorella
sp.
Chlamydomonas
sp.
M onoraphidium
sp.

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
+

Oocystis sp.

+

Crucigenia sp.

+

+

M esotaenium sp.

+

Scenedesmus sp.

+
+

Eugleno - Euglena sp.
phyceae Trachelomonas
sp.
Crypto phyceae

Cryptomonas sp.

Chrysophyceae

Synura sp.

+

+

Carteria sp.

Lepocinclis sp.

+

+

+
+

+

*Data not available for this sampling date

33

+

+

+

+
+

+
+

+

+

Table 2.3: Physicochemical parameters in African flamingo lakes from published literature
Lake

Country

1972-1973
Lake Nakuru

a

Lake Simbi
Lake Baringo

Kamfers Dam

<10-30

n/a

n/a

16.0-18.0

2.3-5.2

4.3-5.5

10

10.0-10.4

16.0-18.0

1.0-2.7

0.9-6.1

10

8.8-9.1

1.39-1.67

0.5-8.0

0.6-1.3

0.5-0.7

0.6-8.3

5.3-33.4

40-50

0.28-0.37

<0.5-2.4

0.07-0.20

n/a

3.89-5.27

<0.9-6.3

0.40-1.0

n/a

0.6-8.5

0.6-7.7

20-30

10.0-10.4

e

b

>9.8

f

8.0-9.4

f

9.3-9.9

b

>9.8

g

8.5-10.0

0.32-125

n/a

Aug-05

9.3

22.2

18.4

July-Nov 2008

9.7

14.3-15.8

5.8-13.8

Apr-09

8.9

10.6

16.5

3.9

9.3

9.0-9.5

9.7-10.8

7.2-12.5

3.2-4.7

6.9-7.4

9.2

6.5

n/a

n/a

4.5

June 2001 to Sept 2002

South Africa

2.5-39.9

n/a

d

June 2001 to M ay 2005
Botswana

0.7-11.3

d

June 2001 to M ay 2005

Lake Elmenteita

n/a

3.30-45.0

June 2001 to Sept 2002

Lake Oloidien

10

>9.8

June 2001 to M ay 2002

Lake Naivasha

n/a

9.8-10.4

June 2001 to Sept 2002

Kenya

Dec 1999 to July 2001

M ar-Sept 2010
Aug-11
a

b

14.0-20.0

c

June 2001 to Sept 2002

Lake Bogoria

Sua Pan

n/a
b

June 2001 to Sept 2002
M ar 2004 to Feb 2005

Lake Sonachi

pH
Total
Total
Conductivity
S alinity
(standard
nitrogen phosphorous
(mS /cm)
(g/L)
units)
(mg/L N)
(mg/L P)

S ample date

c

d

e

n/a 0.23-31.5
6.2

17.4

1.5-4.0 10.0-11.5

f

Vareschi and Jacobs 1985, Ballot et al. 2004, Okoth et al. 2009, Ballot et al. 2005, Ballot et al. 2003, Ballot et al.
g
2009, M cCulloch et al. 2008
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Table 2.4: Dominant phytoplankton in African flamingo lakes from published literature
Lake

Country

S ample date
1972-1973

Lake Nakuru

Dominant algae

a

June 2001 to Sept 2002
M ar 2004 to Feb 2005

c

Lake Simbi

June 2001 to Sept 2002

Lake Sonachi

June 2001 to Sept 2002

Lake Baringo
Lake Bogoria

June 2001 to Sept 2002

d

94% A. fusiformis
Microcystis aeruginosa

e

b

> 97% A. fusiformis

Dominant algal class changed from Cyanophyceae to
Chlorophyceae to Bacillariophyceae
Dominant algal class changed from Chlorophyceae to
f
June 2001 to M ay 2005
Cyanophyceae
b A. abijatae dominant in June-01, A. fusiformis and A. arnoldii
June 2001 to Sept 2002
dominant Aug-01

Lake Naivasha

June 2001 to M ay 2005

Lake Oloidien
Lake Elmenteita
Sua Pan

95% Cyanophyceae
99% A. fusiformis

d

June 2001 to M ay 2002

Kenya

98% Arthrospira fusiformis
A.fusiformis

b

Botswana

Dec 1999 to July 2001

f

g

n/a

August 2005
July-November 2008
Kamfers Dam

South Africa

April 2009
M arch-September 2010
August 2011

a

b

Bacillariophyceae 60% and Cyanophyceae 21%
Changed from Bacillariophyceae 63.9% and Chlorophyceae
30% to Cyanophyceae 78.6% and Chlorophyceae 15.3%
99.6% A. fusiformis
Changed from Chlorophyceae 74.3% and Cyanophyceae 26.2%
to Chlorophyceae 36.4%, Bacillariophyceae 30.3% and
Cyanophyceae 25.7%
Bacillariophyceae 65% and Cyanophyceae 31%

c

d

e

f

Vareschi and Jacobs 1985, Ballot et al. 2004, Okoth et al. 2009, Ballot et al. 2005, Ballot et al. 2003, Ballot et al.
g

2009, M cCulloch et al. 2008
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Figure 2.1: Map of Kamfers Dam, flamingo breeding island and sampling sites along
with the location of Kamfers Dam within South Africa.
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Figure 2.2: Trends over time in physicochemical parameters in Kamfers Dam (mean of
sampling sites K2 and K3).
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Figure 2.3: Percent algal composition from July 2008 to August 2011 in sewage effluent
(K1) at Kamfers Dam.
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Figure 2.4: Percent algal composition from August 2005 to August 2011 in Kamfers
Dam (mean of sampling sites K2 and K3).
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CHAPTER THREE
ANALYSIS OF FEATHERS AND BLOOD FOR TRACE ELEMENT EXPOSURE
FROM A POPULATION OF LESSER FLAMINGOS RESIDING AT KAMFERS
DAM, SOUTH AFRICA
INTRODUCTION
Lesser flamingos (Phoeniconaias minor) are a near threatened species
with populations occurring in West and Sub-Saharan Africa and Southern Asia (Bird Life
International 2004; Childress et al. 2008). There are only five established breeding
locations for this species in the world and these breeding locations, as well as their
feeding habitats, are threatened by degradation from anthropogenic causes (Bird Life
International 2004; Howard 1997; Nasirwa 1997; Simmons 1997; Simmons 2000;
Wetlands International 2002). Lesser flamingos prefer shallow saline lakes as habitats,
many of which are closed systems that can lead to a buildup of contaminants in lake
sediments (Koeman et al. 1972). These contaminants are introduced into the aquatic
environment by natural weathering of soils and rock, geochemical cycles, atmospheric
deposition and anthropogenic activities including urban and suburban runoff, industrial
processes, mining, waste water treatment and leakage from dump sites (Abdus-Salam
2009; Burger and Gochfeld 2001; Fatoki et al. 2002; Jackson et al. 2012; van Eeden
2003). Metal contaminants prominent in aquatic systems include aluminum (Al), arsenic
(As), cadmium (Cd), copper (Cu), iron (Fe), mercury (Hg), manganese (Mn) and lead
(Pb) (Jackson et al. 2012). Lesser flamingos use their specialized bills to filter algae from
the water. During feeding, sediments can be disturbed by the birds and result in exposure
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to associated metals (Nelson et al. 1998). Metals can also adsorb to algal cells, creating
an additional route of exposure (Chojnacka et al. 2005; Doshi et al. 2008; Fargašorvá et
al. 1999; Luo et al. 2006; Nelson et al. 1998).
Flamingos have been shown to accumulate metals in their tissues (Amiard-Triquet
et al. 1991; Ancora et al. 2008; Burger and Gochfeld 2001). Metals, including chromium
(Cr), Fe and zinc (Zn) have been identified as one of several stressors potentially
contributing to the mass mortalities of lesser flamingos in the Kenyan Rift Valley lakes
(Beasley et al. 2004; Nelson et al. 1998). Ranges of metal concentrations that are toxic to
lesser flamingos are unknown, as elevated levels of several metals including Zn and Fe
have been detected in healthy and sick lesser flamingos (Beasley et al. 2004). It is
important to determine the concentrations of these metals in healthy birds since there are
minimal data regarding concentrations of metals in lesser flamingo tissues or the impact
of these contaminants on the health of these birds. Using feathers or blood to monitor
metal concentrations in birds is beneficial to threatened species because it allows for nonlethal collection (Furness et al. 1986; Hargreaves et al. 2010; Jaspers et al. 2007; Moreno
et al. 2011). Metals are eliminated from the body by sequestration in feathers, so these
feathers give an estimate of the amount of metal accumulation in the bird at the time of
feather growth (Barbieri et al. 2010; Burger and Gochfeld 2001).
Feathers can be externally contaminated which cannot always be differentiated
from endogenous concentrations of contaminants (Hargreaves et al. 2010). Although
external contamination on the feather provides an idea of potential exposure from the
bird’s habitat, it does not allow for determining if those contaminants are entering the
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biota (Hargreaves et al. 2010). Feathers are useful as non-lethal collection and are stored
easily prior to analysis. Jaspers et al. (2007) also pointed out that feathers can be sampled
from museum collections to obtain historical contaminant concentrations. Feathers may
be a useful initial contaminant monitoring tool to determine if further investigation is
warranted.
Blood samples provide information about more recent exposure than feathers and
do not have the confounding factor of external contamination, however, these samples
can be more difficult to collect and store prior to analysis (Franson and Pain 2011;
Hargreaves et al. 2010; Summers 2012; van Wyk et al. 2001). Metals bind to internal
organs and are excreted into growing feathers; therefore a low blood concentration does
not necessarily mean low exposure (Burger and Gochfeld 2001; Clarkson et al. 1988).
This study is part of a larger assessment of the potential risks to the population of
lesser flamingos at Kamfers Dam and to determine pollution levels in the aquatic food
web of avifauna in the Kimberley area. Kamfers Dam is a large wetland situated seven
kilometers north of the city of Kimberley, which is located in the Northern Cape Province
of South Africa. The dam is endorheic and its main inputs are effluent from a
malfunctioning waste water treatment plant, storm water runoff and rainfall. This natural
salt pan periodically supports the growth of the cyanobacteria Arthrospira fusiformis
which forms massive blooms due to the high salinity and large nutrient inputs from
untreated sewage water. This cyanobacteria species is the primary food source for the
lesser flamingo and the abundance of this algae at Kamfers Dam has attracted large
flocks of lesser flamingos (i.e. population size ranging from 20,000 to 80,000 birds)
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(Childress et al. 2008). In 2006, a man-made breeding island was constructed on
Kamfers Dam which instigated three consecutive breeding seasons producing 22,000
chicks and making Kamfers Dam potentially the sixth breeding location in the world for
this threatened species(Anderson 2008; Anderson and Anderson 2010).
Kamfers Dam is an important habitat for this species in southern Africa and its
easy accessibility, compared to other lesser flamingo breeding sites, makes it an ideal
location for conducting research. The untreated sewage water and storm water runoff are
a cause for concern as they can introduce many contaminants to the dam, including
metals and other trace elements which have the potential to affect the lesser flamingos
(Nelson et al. 1998). Analysis of sediment core samples from Kamfers Dam revealed the
presence of several metals including Cd, Cr, Cu, Fe, Pb, Mn and Zn (Kwezi V3
Engineers 2006).
The objectives of this study were to: (1) determine concentrations of As, barium
(Ba), Cd, Cu, Cr, Fe, Hg, molybdenum (Mo), nickel (Ni), Pb, selenium (Se) and Zn in the
feathers of 21 healthy lesser flamingos at Kamfers Dam, and (2) determine
concentrations of Cd and Pb in the plasma and red blood cell (RBC) components of blood
samples from 17 healthy lesser flamingos at Kamfers Dam for comparison with
concentrations found in the feathers of the same individual birds and for further
comparison with data from published literature.
METHODS
Study Site
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Kamfers Dam, with a surface area of about 500 ha, located in Kimberley,
Northern Cape Province, South Africa, is the location for this study (Figure 3.1). The
city of Kimberley lies to the south of Kamfers Dam with a population of approximately
243,000 (Community Survey 2007). The city water supply comes from the Vaal River
located to the north of Kamfers Dam. Kamfers Dam is at an elevation of approximately
1164 m and receives storm water runoff and sewage effluent from the city of Kimberley
and rainfall from a catchment area of 160 km 2 with the average yearly precipitation of
414 mm (Community Survey 2007).
Capture sites were chosen where large groups of lesser flamingos were
aggregating close to the shoreline in shallow water. The three capture sites included a
freshwater pond on the western side of the dam (28.66566°S, 24.75398°E), the northern
edge of the dam (28.65756°S, 24.76514°E), and at the eastern edge of the dam
(28.66706°S, 24.77307°E). All sites were located away from the flamingo breeding
island to minimize any disturbance to birds on the island.
Field Methods
All animal trapping, handling and transport of biological samples was performed
according to an Animal Use Protocol (AUP2009-011) approved by Clemson University’s
Institutional Animal Care and Use Committee and approved by Northern Cape Province
Department of Environment and Nature Conservation (FAUNA 541/2010, FAUNA
542/2010) and CITES (Permit No. 088957). All birds trapped appeared healthy and had
no overt signs of illness.

47

Two noose carpet traps were fabricated of 2.5 mm thick galvanized steel mesh (50
mm x 50 mm squares) welded to a steel rod border. The traps were overall 120 cm x 245
cm. The nooses were made of 29.5 kg test nylon fishing line with one noose tied to every
third or fourth intersection of the mesh. Noose carpet design was based on Childress
and Jarrett (2005).
Noose carpets were placed into water approximately 30-60 cm deep in areas
where flamingos frequently walk based on observations of the birds each morning on
arrival to the site. Traps were observed at all times and trapped birds were removed from
the noose carpet immediately. A processing station was set up behind the vehicle to keep
out of sight and encourage the birds to return to the trapping site. Morphological
measurements were recorded for each bird to determine sex (Childress et al. 2005) and a
silver South African Bird Ringing Unit band was placed on the right leg above the ankle
joint. Four to five breast feathers were collected from the bird and stored in a small
envelope. Approximately 5 mL of blood was collected from the brachial vein on the
inside of the wing using a 23 g needle on a 5 mL syringe and sterile techniques. These
samples were placed into a sterile sodium heparin BD vacutainer ® tube and stored on ice.
LABORATORY METHODS
Feathers
After sampling, feathers were stored in small envelopes at room temperature.
Feather samples were individually washed in plastic bags with a 5% solution of low acid
detergent then rinsed three times with tap water, transferred to clean plastic bags and
rinsed three more times with reverse osmosis filtered water. Each set of feathers was
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then transferred to a 2 mL screw top vial and covered with tissue paper and secured with
a rubber band. Feather samples were stored at -80 °C prior to freeze drying. Feathers
were freeze dried for 48 h then samples were stored in a desiccator prior to digestion.
Feathers were digested and analyzed for trace element concentrations according to
Clemson Institute of Environmental Toxicology SOP 404-22-10. Feather samples were
weighed to 0.05 g (± 0.005 g) and placed in 100 mL glass digestions tubes. Samples
were digested with 10 mL of trace metal grade nitric acid (CAS #: 7697-37-2, Fisher
Scientific) in a block heater at 80 °C for 30 min. After digestion, samples were allowed
to cool for 30 min at room temperature. The digested sample solution was then
transferred to a 250 mL glass jar and diluted with NanoPure™ water to 1:20 (v/v). Jars
were topped with paraffin film and caps and stored at 3°C until analysis.
Mercury analysis was completed using an AI 3200 cold vapor Atomic
Florescence Spectrometer (Aurora Instruments Ltd., Vancouver Canada) and US
Environmental Protection Agency Method 245.7. Specific methods for mercury analysis
are published in Pittman et al. (2011). Analysis of all other elements (As, Cd, Cu, Cr, Fe,
Mo, Mn, Ni, Pb, Se and Zn) was completed by inductively coupled plasma mass
spectrometry (ICP/MS) using a Thermo Scientific X Series ICP/MS and a method based
on EPA methods 200.8 and 6020A. Standards were provided by VHG Labs (Manchester,
New Hampshire) for EPA method 200.8 and detection limit was 1.0 ng/mL.
Blood
After sampling, whole blood was placed in a centrifuge and spun at 1200 rpm for
10 min. Plasma was pipetted off the red blood cell (RBC) portion and placed in a trace
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element serum BD vacutainer® tube. Both RBC and plasma portions were stored frozen
until analysis. 100 µL of RBC or plasma was digested with 100 µL of a reaction solution
consisting of 0.2 mL each Triton X-100 (CAS #: 9002-93-1, Perkin Elmer) and Antifoam B (Emulsion of water CAS #: 7732-18-5, dimethyl siloxanes CAS #: 63148-62-9,
methyl cellulose CAS #: 9004-67-5, hydrogenated tallow glycerides CAS #: 68308-54-3,
J.T. Baker) and 99.6 mL 1% trace metal grade nitric acid (CAS #: 7697-37-2, Fisher
Scientific). This digest was vortexed for 30 sec then centrifuged for 3 min at 1000 rpm.
100 µL of the resulting supernatant was combined with 900 µL of 0.2% trace metal grade
nitric acid, vortexed for 30 sec and stored at 6.5 °C prior to analysis.
Lead reference standard (lead nitrate CAS #: 10099-74-8 Perkin Elmer) and Cd
reference standard (cadmium CAS #: 7440-43-9 Fisher Scientific) were used to create
calibration curves and determine sample concentrations. Samples were analyzed using a
graphite furnace atomic absorption spectrometer (Agilent Technologies, Santa Clara
California) with four replicates per sample. For Pb analysis instrument parameters were
283.3 nm detector wavelength, 0.5 nm slit width, 20 µL sample volume, 10.0 mA lamp
current, and an atomization temperature of 2100 °C. For Cd analysis parameters were
228.8 nm detector wavelength, 2.0 mA lamp current, and 1800 °C atomization
temperature while sample volume and slit width were the same settings used for Pb
analysis. Method detection limit for Pb was 0.02 ng/mL and for Cd was 0.003 ng/mL.
Recovery was between 85 -115%. To facilitate comparison with other literature values
for blood concentrations percent moisture was determined and dry weight concentrations
were calculated after analysis. A whole blood concentration was also calculated using
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plasma and RBC concentrations for Pb and Cd, a hematocrit value for healthy adult
greater flamingos (Phoenicopterus roseus) (45.0% ± 0.6) from Puerta et al. (1992)
because hematocrit was not measured for this study. The equation for converting plasma
and RBC concentrations to whole blood concentration was adapted from Oikonen et al.
(2014).
Statistical Methods
Statistical analyses were performed using the JMP Pro 10 statistical package
(SAS Institute Inc. 2007). Due to the non-normal/skewed nature of the distributions,
non-parametric approaches were used for the statistical analysis. Medians and
interquartile ranges are reported as the measures of central tendency and dispersion.
ANCOVA based on ranks was used to determine if there were differences among
males/females and adults/juveniles for each trace element. Spearman’s rank correlation
was used to determine any linear relationship between Pb and Cd concentrations in
plasma, RBC and feathers as well as relationships between different trace elements in the
feathers.
RESULTS AND DISCUSSION
Blood
Cadmium
Median Cd concentration for plasma samples was 2.39 µg/g dry weight (dw) and
for RBC was 0.51 µg/g dw (Table 3.1). Median whole blood concentration calculated
from the plasma and RBC concentrations was 1.53 µg/g dw (Table 3.1). Red-knobbed
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coots (Fulica cristata) from five wetlands in South Africa had a mean blood Cd
concentrations ranging from 1.0 - 1.8 µg/g dw with individual birds ranging from 0.43 –
4.9 µg/g dw (van Eeden 2003). Rattner et al. (2008) reported that nestling osprey
(Pandion haliaetius) on the Chesapeake and Delaware Bays of the United States had Cd
blood levels below detection limits. Blood Cd concentrations in nestling greater
flamingos from France were below the detection limit of 0.2 µg/L for 34 of the 46
samples and the maximum individual sample had a blood Cd concentration of 1.0 µg/L,
which is more than two orders of magnitude lower than our median whole blood Cd of
153.8 µg/L (Amiard-Triquet et al. 1991). African penguins (Spheniscus demersuson) on
the western coast of South Africa had whole blood Cd concentrations ranging from 0.03
to 65.22 µg/dL (Summers 2012). For comparison, our blood Cd concentrations ranged
from 13.58 to 19.26 µg/dL with a median concentration of 15.38 µg/dL. Summers et al.
(2014) also reported mean blood Cd concentrations for several seabird species on Marion
Island, South Africa (shag, albatross, petrel and penguin) ranging from 4.28 to 35.34
µg/dL. Hargreaves et al. (2010) reported blood Cd concentrations of less than 0.2 µg/dL
for artic shorebirds. Beasley et al. (2004) reported hepatic Cd concentrations ranging
from <0.10 to 0.64 mg/kg wet weight (ww) in healthy lesser flamingos collected from
Lake Bogoria in 2000-2002, our Cd whole blood concentrations fall within this range.
Lead
In this study, median Pb concentration in the lesser flamingo plasma was 2.83
µg/g dw and was 1.73 µg/g dw for RBC resulting in a whole blood calculated
concentration of 2.48 µg/g dw (Table 3.1). White-backed vultures (Gyps africanus)
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nesting on Dronfield Ranch, which is separated from Kamfers Dam only by a four lane
highway, had a mean whole blood Pb level of 3.22 µg/g dw (van Wyk et al. 2001).
Blood Pb concentrations reported by van Eeden (2003) for red knobbed coots in South
Africa ranged from 12.3 to 23.0 µg/g dw, higher than our median concentration.
Nestling osprey had blood Pb concentrations ranging from 0.02 to 0.10 µg/g dw (Rattner
et al. 2008). Summers (2012) reported blood Pb concentrations for African penguins
ranging from non-detect (ND) to 26.93 µg/dL and means for several species of seabirds
on Marion Island, off the coast of South Africa ranging from 3.62 to 14.68 µg/dL. For
comparison, 22.17 to 43.33 µg/dL was the range of calculated whole blood Pb
concentrations in this study. Amiard-Triquet et al. (1991) reported a mean whole blood
Pb concentration of 47.50 µg/L in nestling greater flamingos in France, which is an order
of magnitude lower than the whole blood Pb concentration in this study. Puls (1994)
reports blood Pb concentrations of 0.02 to 0.50 µg/g ww to be normal and 1.0 to 16.0
µg/g ww to be high in waterfowl and between 1.0 and 33.0 µg/g ww to be toxic to geese,
swans and ducks. Our Pb ww whole blood concentrations are within the normal range
(Puls 1994).
Spearman’s rank correlation resulted in several significant correlations between
blood and feather Cd and Pb concentrations. The Cd plasma concentration was positively
correlated with Pb plasma concentration (r S = 0.5711, p= 0.0166) and feather Cd
concentration (rS = 0.5117, p = 0.0357). The Cd concentration in RBC was inversely
correlated with Cd concentration in feathers (r S = -0.4895, p = 0.0461). Plasma Pb
concentrations were positively correlated with Cd feather concentrations (rS = 0.6998, p =
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0.0018) and had a weak positive correlation with Pb feather concentrations (r S= 0.4788, p
= 0.0518).
The similar Pb concentrations in lesser flamingos and white-backed vultures from
the Kimberley area may suggest that these are background concentrations for the
Kimberley area. Sediment core samples from Kamfers Dam had Pb concentrations of 4
to 6 mg/kg dw (Kwezi V3 Engineers 2006) which is below concentrations found in South
African inland freshwater and marine sediments reported by Calamari and Naeve (1994).
The area directly surrounding Kamfers Dam has minimal industry or agriculture activity
which would contribute to elevated concentrations of metals, possibly explaining the low
concentrations Kamfers Dam sediments (Kwezi V3 Engineers 2006). Beasley et al.
(2004) reported hepatic Pb concentrations ranging from <0.05 to 0.20 mg/kg ww in
healthy lesser flamingos, which is lower than our whole blood Pb concentration range.
Feathers
Median trace element concentrations found in feathers of Kamfers Dam lesser
flamingos are presented in Table 3.2. Concentrations of As and Mo were below detection
limits for all individual birds. No significant differences (p < 0.05) were found between
males and females or between immature and adult birds for concentrations of trace
elements in feathers, however this may be affected by our small sample size. No
individual bird had the highest or lowest concentrations of more than one metal except
one adult male which had the highest Cr and Mn concentrations.
Cadmium
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The median lesser flamingo feather Cd concentration for this study was 0.26 µg/g
with a range of 0.15 to 0.44 µg/g. According to Puls (1994) a normal concentration of
Cd in the feathers of terns ranges from 0.09 to 0.4 µg/g, while for poultry normal Cd
feather concentrations can be as high as 2.2 µg/g . Barbieri et al. (2010) reported Cd
feather levels in kelp gulls (Larus dominicanus) ranging from 0.021 to 0.072 µg/g.
Nestling osprey from the Chesapeake and Delaware Bays had Cd feather concentrations
ranging from 0.016 to 0.276 µg/g and waterbirds in France had Cd feather concentrations
ranging from 0.01 to 0.3 µg/g (Lucia et al. 2010; Rattner et al. 2008). Greater flamingo
feathers from Italy and France have Cd feather concentrations of 0.01 to 0.07 and 0.107
µg/g respectively (Amiard-Triquet et al. 1991; Ancora et al. 2008). Lesser flamingos
from Namibia had a mean Cd feather concentration of 0.038 µg/g (Burger and Gochfeld
2001). Sediment Cd concentration for Kamfers Dam was 1.8 mg/kg and was the only
metal concentration in the Kamfers Dam sediment that exceeded NOAA SQuiRTs
background concentration for an inorganic in sediment (Buchman 2008; Van Niekerk
2000).
Lead
The median concentration of Pb in lesser flamingo feathers was 13.75 μg/g with a
range of 4.51 to 53.70 μg/g. Puls (1994) reports a range of 0.1 to 4.0 µg/g as normal and
10 to 100 µg/g Pb in waterfowl feathers to be toxic. Most published Pb concentrations
for feathers are lower than our median concentration including those for kelp gulls (1.47
– 7.54 µg/g), nestling osprey (0.21 – 8.08 µg/g), shorebirds in Canada (ND – 0.57 µg/g),
greater flamingos in Italy (0.43 – 1.66 µg/g) and France (7.09 µg/g) and lesser flamingos
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in Namibia (0.386 µg/g) (Amiard-Triquet et al. 1991; Ancora et al. 2008; Barbieri et al.
2010; Hargreaves et al. 2010; Rattner et al. 2008). Lucia et al. (2010) reported higher Pb
feather concentrations in greylag geese (Anser anser) and grey plovers (Pluvialis
squatarola) in France of up to 23.4 µg/g and 29.87 µg/g respectively but lower
concentrations than our median for mallard (Anas platyrhynchos), pintail (Anas acuta),
red knot (Calidris canutus), golden plover (Pluvialis apricaria) and redshank (Tringa
tetanus). Along with the lower concentration of Pb in the blood of our lesser flamingos,
the elevated feather Pb concentrations show that the flamingos are being currently
exposed to Pb but are eliminating it via their feathers.
Mercury
Median feather concentration for Hg was 0.42 µg/g, which is considered elevated
for poultry (Puls 1994). Median Hg concentration for this study was higher than
concentrations reported by Burger and Gochfeld (2001) in lesser flamingos and Cape
cormorants (Phalacrocorax capensis), located at a relatively unpolluted site in Namibia
(0.08 and 0.25 µg/g respectively) but lower than concentrations for Hartlaub’s gull
(Larus hartlaubii) and kelp gull (1.31 and 0.92 µg/g respectively). Ancora et al. (2008)
reported higher concentrations of Hg (1.0 – 2.36 µg/g) in the feathers of greater
flamingos in Italy. The median feather Hg concentration for this study was less than the
concentration (40 µg Hg/g) reported by Evers et al. (2008) to have toxic effects on
common loons (Gavia immer) and the 9-20 µg/g Hg concentration in feathers correlated
with decreased reproductive success (Ochoa-Acuna et al. 2002).
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Copper
Median Cu feather concentration was 64.32 µg/g for this study. The range of Cu
concentrations in Kamfers Dam lesser flamingo feathers is large with the minimum being
26.69 µg/g and the maximum being 2293.88 µg/g. Barbieri et al. (2010) reported a
range of Cu feather concentrations in kelp gulls of 9.67 to 13.76 µg/g. Feather Cu
concentrations from adult and nestling greater flamingos in France ranged from 1.90 to
7.43 µg/g for juveniles and from 2.82 to 17.66 µg/g for adults (Amiard-Triquet et al.
1991; Cosson et al. 1988). Lucia et al. (2010) reported feather Cu concentrations for
birds in France including grey plover, red knot and greylag goose of 19.1, 21.6 and 35.7
µg/g respectively. Hargreaves et al. (2010) reported much lower Cu feather
concentrations of 0.0105 to 0.02 µg/g in Canadian shorebirds. Puls (1994) reported
feather Cu concentrations of 10-15 µg/g to be adequate in poultry, but species specific
requirements of Cu and tolerances are unknown for flamingos.
Nickel
Median concentration of Ni in the Kamfers Dam lesser flamingos was 1.58 µg/g.
The highest individual Ni concentration from this study (5.35 µg/g) is considered high
according to Puls (1994) but the median Ni concentration was considered to be a normal
concentration in poultry. Range of Ni concentrations in individuals was similar to those
reported by Barbieri et al. (2010) for kelp gulls (2.23-5.92 µg/g) in Brazil but was higher
than feather Ni concentrations reported by Hargreaves et al. (2010) for shorebirds from
Canada (ND-0.45 µg/g).

Lucia et al. (2010) reported similar feather concentrations for
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greylag geese and grey plovers in France (0.9 and 1.3 µg/g, respectively) but higher Ni
concentrations in red knots (14.1 µg/g).
Zinc
The median Zn feather concentration for the Kamfers Dam lesser flamingos was
140.66 µg/g with a range of 101.32 to 1075.20 µg/g. According to Puls (1994) Zn
feather levels of 60-300 µg/g are adequate while levels greater than 400 µg/g are
considered high in poultry and other birds. Two individual birds in this study had Zn
feather concentrations greater than 400 µg/g (920.23 and 1075.20 µg/g) with all other
birds being between 100 and 200 µg Zn/g in feathers. Barbieri et al. (2010) reported a
range of 60.85 – 68.97 µg/g Zn in feathers of kelp gulls from Brazil. Rattner et al. (2008)
reported a larger range of feather Zn concentrations in nestling osprey of 53.6 to 131
µg/g. Lucia et al. (2010) reported feather Zn concentrations for greylag geese, grey
plover and red knot of 100.6, 131.9 and 189.2 µg/g, respectively. Greater flamingos in
the Camargue, France had Zn feather concentrations for juveniles ranging from 48.3 to
158.1 µg/g and for adults ranging from 19.5 to 110.7 µg/g (Amiard-Triquet et al. 1991;
Cosson et al. 1988).
Chromium
Median Cr concentration in lesser flamingo feathers for this study was 0.82 µg/g.
The median Cr concentration for this study was higher than the concentration reported for
lesser flamingos from Namibia (0.68 µg/g) and shorebirds from Canada (ND to 0.34
µg/g) but lower than most other reported Cr feather concentrations (Barbieri et al. 2010;
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Burger and Gochfeld 2001; Hargreaves et al. 2010; Rattner et al. 2008). There is
minimal published data correlating Cr tissue concentrations and toxicity. Maximum Cr
concentrations found for individual birds in this study were below the wildlife tissue
concentration (4.0 mg Cr /kg) that would suggest Cr toxicity (Eisler 1986).
Selenium
Feather Se concentrations ranged from ND to 0.98 µg/g with the median
concentration being 0.46 µg/g. Nestling osprey had feather Se concentrations ranging
from 0.04 to 3.15 µg/g and waterbirds in France had Se feather concentrations at 0.4, 1.9
and 8.7 µg/g for greylag geese, grey plovers and red knots, respectively (Lucia et al.
2010; Rattner et al. 2008). Juvenile and adult greater flamingo feathers from Camargue,
France had Se concentrations of < 0.4 to 2.34 and 0.75 to 3.94 µg/g, respectively
(Amiard-Triquet et al. 1991; Cosson et al. 1988). Burger and Gochfeld (2001) reported a
mean Se concentration in lesser flamingo feathers from Namibia of 0.84 µg/g.
CONCLUSIONS
None of the trace elements found in the sampled birds appear to be having an
overtly negative effect on their health as all of the birds appeared healthy at the time of
sampling. It would be advisable to continue monitoring the water and sediment in
Kamfers Dam and to visually monitor the health of the lesser flamingos, although
additional sampling of tissues may not be warranted unless there are changes in
contaminant levels in the water or sediment, or there is a die-off event at the dam.
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The fact that lesser flamingos feed at a low trophic level may be contributing to
its ability to feed and reproduce at sites with potentially elevated levels of metals such as
Kamfers Dam. The lesser flamingos’ preference for ephemeral saline/alkaline lakes may
also mean that they have adapted to tolerate increased levels of metals and other
constituents that would be found in rapidly evaporating water bodies. Concentrations of
trace elements in lesser flamingos would typically be assumed to be lower than
concentrations in birds feeding at higher trophic levels but that wasn’t always true in this
study. Possibly, the lesser flamingo’s preferred habitat and their specialized feeding may
expose them to higher concentrations of these metals and other trace elements. The
differences may also reflect species specific differences in metabolism and elimination of
metals.
Much of the toxicological analyses previously done have been on birds collected
after mass die-off events. It is difficult to interpret results from those studies when there
are no data for the levels of these constituents in healthy flamingos. This study
contributes to a relatively small amount of knowledge on metal levels in the blood and
feathers of healthy wild lesser flamingos. These tissue concentrations provide
comparison data for non-lethal tissue collection, an important factor for a near threatened
species.
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TABLES AND FIGURES
Table 3.1: Median lead and cadmium concentrations in red blood cells

(rbc), plasma and whole blood of lesser flamingos (Phoeniconaias
minor ) from Kamfers Dam in Kimberley, South Africa. Concentrations
reported in µg/dL and converted to µg/g dry weight for comparison with
published values.
median (IQR)
min
max median
n = 17
µg/g dw
plasma
15.78 (2.75)
11.32 22.19
2.39
Cadmium
rbc
15.68 (1.10)
12.00 17.02
0.51
whole blood* 15.38 (1.74)
13.58 19.26
1.53
plasma
18.69 (2.54)
16.82 24.63
2.83
Lead
rbc
53.24 (24.94)
26.41 72.95
1.73
whole blood* 35.65 (11.04)
22.17 43.33
2.48
*whole blood concentrations of Cd and Pb were calculated from plasma
and rbc values (Puerta et al. 1992, Oikonen et al. 2014)
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Table 3.2: Median trace element concentrations in

breast feathers of lesser flamingos (Phoeniconaias
minor ) from Kamfers Dam in Kimberley, South
Africa. Concentrations reported in µg/g dry weight.
median (IQR) minimum maximum
n = 21
Mercury
0.42 (0.68)
0.03
1.65
Chromium
0.82 (0.22)
0.63
1.27
Manganese
1.94 (0.75)
0.93
3.76
Nickel
1.58 (1.09)
0.84
6.28
Copper
64.32 (61.39)
26.74 1813.73
Zinc
140.66 (49.20)
99.28 1045.28
Selenium
0.46 (0.30)
ND
0.98
Cadmium
0.26 (0.10)
0.09
0.31
Barium
22.37 (11.81)
13.92
66.26
Lead
13.75 (28.65)
4.17
50.37
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Figure 3.1: Map of Kamfers Dam, flamingo breeding island and trapping sites along
with the location of Kamfers Dam within South Africa.

63

LITERATURE CITED
Abdus-Salam N. 2009. Assessment of heavy metals pollution in dumpsites in Ilorin
Metropolis. Ethiopian Journal of Environmental Studies and Management
2(2):92-99.
Amiard-Triquet C, Pain D, Delves HT. 1991. Exposure to trace elements of flamingos
living in a biosphere reserve the Camargue France. Environmental Pollution 69(23):193-202.
Ancora S, Bianchi N, Leonzio C, Renzoni A. 2008. Heavy metals in flamingos
(Phoenicopterus ruber) from Italian wetlands: The problem of ingestion of lead
shot. Environmental Research 107(2):229-236.
Anderson MD. 2008. A vision in pink: lesser flamingo breeding success. Africa Birds &
Birding 13(2):43-49.
Anderson MD, Anderson TA. 2010. A breeding island for lesser flamingos
Phoeniconaias minor at Kamfers Dam, Kimberley, South Africa. Bulletin of the
African Bird Club 17(2):225-228.
Barbieri E, de Andrade Passos E, Filippini A, Souza dos Santos I, Borges Garcia CA.
2010. Assessment of trace metal concentration in feathers of seabird (Larus
dominicanus) sampled in the Florianopolis, SC, Brazilian cost. Environmental
Monitoring and Assessment 169:631-638.
Beasley VR, Pessier A, Maddox C, Carmichael WW, Aiyasami SS. 2004. Investigations
into mass mortality events of lesser flamingos (Phoeniconaias minor) in Kenya,
2000-2002. Transdisciplinary Symposium on Recent Mass Die-offs of Lesser
Flamingos (Phoeniconaias minor) in Eastern and Southern Africa: University of
Illinois, USA.
Bird Life International. 2004. Threatened birds of the world. Cambridge, UK: BirdLife
International.
Buchman MF. 2008. NOAA Screening Quick Reference Tables. In: Office of Response
and Restoration Division, editor. Seattle WA: National Oceanic and Atmospheric
Administration. p 34 pages.
Burger J, Gochfeld M. 2001. Metal levels in feathers of cormorants, flamingos and gulls
from the coast of Namibia in southern Africa. Environmental Monitoring and
Assessment 69(2):195-203.
Calamari D, Naeve H. 1994. Review of pollution in the African aquatic environment.
CIFA Technical Paper 25.

64

Childress B, Harper D, Hughes B, Ferris C. 2005. Sex determination in the Lesser
Flamingo (Phoenicopterus minor) using morphological measurments. Ostrich
76(3&4):148-153.
Childress B, Jarrett N. 2005. Methods for capturing and handling wild Lesser Flamingos
for research. Afring News 34:2-4.
Childress B, Nagy S, Hughes B. 2008. International Single Species Action Plan for the
Conservation of the Lesser Flamingo (Phoeniconaias minor). Bonn, Germany.
Chojnacka K, Chojnacki A, Gorecka H. 2005. Biosorption of Cr 3+, Cd2+ and Cu2+ ions by
blue-green algae Spirulina sp.: kinetics, equilibrium and the mechanism of the
process. Chemosphere 59:75-84.
Clarkson T, Hursh J, Sager P, Syversen T. 1988. Mercury. In: Clarkson T, Friberg L,
Nordberg G, Sager P, editors. Biological monitoring of toxic metals. New York:
Plenum Press. p 199-246.
Community Survey. 2007. Statistical Release Basic Results Municiplaities. Pretoria:
Statistics South Africa.
Cosson R, Amiard J, Amiard-Triquet C. 1988. Trace elements in little egrets and
flamingos of Camargue, France. Ecotoxicology and Environmental Safety
15:107-116.
Doshi H, Chetan S, Arabinda R, Kothari IL. 2008. Bioaccumulation of heavy metals by
green algae. Current Microbiology.
Eisler R. 1986. Chromium hazards to fish, wildlife, and invertebrates: a synoptic review.
U.S. Fish and Wildlife Service Biological Report 85. 60 pp. p.
Evers D, Savoy L, DeSorbo C, Yates D, Hanson W, Taylor K, Siegel L, Cooley Jr J,
Bank M, Major A and others. 2008. Adverse effects from environmental mercury
loads on breeding Common Loons. Ecotoxicology 17(2):69-81.
Fargašorvá A, Bumbálová A, Havránek E. 1999. Ecotoxicological effects and uptake of
metals (Cu+, Cu2+, Mn2+, Mo6+, Ni2+, V5+) in freshwater agla Scenedesmus
quadricauda. Chemosphere 38(5):1165-1173.
Fatoki OS, Lujiza N, Ogunfowokan AO. 2002. Trace metal pollution in Umtata River.
Water SA (Pretoria) 28(2):183-190.
Franson C, Pain D. 2011. Lead in birds. In: Beyer WN, Meador JP, editors.
Environmental contaminants in biota: Interpreting tissue concentrations. 2 ed.
New York: Taylor and Francis. p 563-593.

65

Furness RW, Muirhead SJ, Woodburn M. 1986. Using Bird Feathers to Measure Mercury
in the Environment: Relationships between Mercury Content and Moult. Marine
Pollution Bulletin 17(1):27-30.
Hargreaves AL, Whiteside DP, Gilchrist G. 2010. Concentrations of 17 elements,
including mercury, and their relationship to fitness measures in artic shorebirds
and their eggs. Science of the Total Environment 408:3153-3161.
Howard G. 1997. Biology of the Lesser Flamingo. In: Howard G, editor. Conservation of
the Lesser Flamingo in Eastern Africa and beyond. Nairobi, Kenya IUCN:Lake
Bogoria. p 4-10.
Jackson VA, Paulse AN, Odendaal JP, Khan S, Khan W. 2012. Identification of metaltolerant organisms isolated from the Plankenburg River, Western Cape, South
Africa. Water SA (Pretoria) 38(1):29-38.
Jaspers VLB, Voorspoels S, Covaci A, Lepoint G, Eens M. 2007. Evaluation of the
usefulness of bird feathers as a non-destructive biomonitoring tool for organic
pollutants: A comparative and meta-analytical approach. Environment
International 33:328-337.
Koeman JH, Pennings JH, de Goeij JJM, Tjioe PS, Olindo PM, Hopcraft J. 1972. A
preliminary survey of the possible contamination of Lake Nakuru in Kenya with
some metals and chlorinated hydrocarbon pesticides. Journal of Applied Ecology
9(2):411-416.
Kwezi V3 Engineers. 2006. Kamfers dam water quality and quantity impact study.
Center for Environmental Management University of the Free State.
Lucia M, André J, Gontier K, Diot N, Viega J, Davail S. 2010. Trace element
concentrations (Mercury, Cadmium, Copper, Zinc, Lead, Aluminium, Nickel,
Arsenic, and Selenium) in some aquatic birds of the Southwest Atlantic coast of
France. Archives of Environmental Contamination and Toxicology 58:844-853.
Luo F, Liu Y, Li X, Xuan Z, Ma J. 2006. Biosorption of lead ion by chemically-modified
biomass of marine brown algae Laminaria japonica. Chemosphere 64:1122-1127.
Moreno R, Jover L, Diez C, Sanpera C. 2011. Seabird feathers as monitors of the levels
and persistence of heavy metal pollution after the Prestige oil spill. Environmental
Pollution 159:2454-2460.
Nasirwa O. 1997. Status of Lesser Flamingos in Kenya. In: Howard G, editor.
Conservation of the Lesser Flamingo in Eastern Africa and beyond. Nairobi,
Kenya: IUCN: Lake Bogoria. p 22-24.

66

Nelson YM, Thampy RJ, Motelin GK, Raini JA, Disante CJ, Lion LW. 1998. Model for
trace metal exposure in filter-feeding flamingos at Alkaline Rift Valley Lake,
Kenya. Environmental Toxicology and Chemistry 17(11):2302-2309.
Ochoa-Acuna H, Sepúlveda M, Gross T. 2002. Mercury in feathers from Chilean birds:
influence of location, feeding strategy, and taxonomic affiliation. Marine
Pollution Bulletin 44:340-345.
Oikonen V, Tolvanen T, Liukko K, Luoto P, Roivainen A. 2014. Converting blood TAC
to plasma TAC. Turku PET Centre.
Pittman HT, W. BW, Grim LH, Grubb TG, Bridges WC. 2011. Using nestling feathers to
assess spatial and temporal concentrations of mercury in bald eagles at Voyagers
National Park, Minnesota, USA. Ecotoxicology 20:1626-1635.
Puerta ML, Garcia Del Campo AL, Abelenda M, Fernandez A, Huecas V, Nava MP.
1992. Hematological Trends in Flamingos Phoenicopterus ruber. Comparative
Biochemistry and Physiology A 102(4):683-686.
Puls R. 1994. Mineral levels in animal health: diagnostic data. 2nd edition. Clearbrook,
British Columbia: Sherpa International.
Rattner BA, Golden NH, Toschik PC, McGowan PC, Custer TW. 2008. Concentrations
of metals in blood and feathers of nestling ospreys (Pandion haliaetus) in
chesapeake and delaware bays. Archives of Environmental Contamination and
Toxicology 54(1):114-122.
SAS Institute Inc. 2007. JMP, Version 7. Cary, NC: SAS Institute Inc.
Simmons RE. 1997. The Lesser Flamingo in Southern Africa- a summary. In: Howard G,
editor. Conservation of the Lesser Flamingo in Eastern Africa and beyond.
Nairobi, Kenya: IUCN: Lake Bogoria. p 50-61.
Simmons RE. 2000. Declines and movements of lesser flamingos in Africa. Waterbirds
23(Special Publication 1):40-46.
Summers CF. 2012. Lead and Cadmium in Seabirds of South Africa. Clemson, SC:
Clemson University.
Summers CF, Bowerman WW, Parsons N, Chao WY, Bridges WC. 2014. Lead and
cadmium in the blood of nine species of seabirds, Marion Island, South Africa.
Bulletin of Environmental Contamination and Toxicology 93:417-422.

67

van Eeden PH. 2003. Metal concentrations in selected organs and tissues of five redknobbed coot (Fulica cristata) populations. Water SA (Pretoria) 29(3):313-322.
Van Niekerk H. 2000. A brief investigation into the water quality of Kamfers Dam.
Pretoria, South Africa: Department of Water Affairs and Forestry.
van Wyk E, van der Bank FH, Verdoorn GH, Hofmann D. 2001. Selected mineral and
heavy metal concentrations in blood and tissues of vultures in different regions of
South Africa. South African Journal of Animal Science 31(2):57-63.
Wetlands International. 2002. Waterbird Population Estimates. Wageningen, The
Netherlands.

68

CHAPTER FOUR
COMPARISON OF TWO AQUATIC BIRD SPECIES, LESSER FLAMINGO AND
AFRICAN FISH EAGLE, AT DIFFERENT TROPHIC LEVELS AS INDICATORS OF
PERSISTENT ORGANIC POLLUTANT EXPOSURE IN KIMBERLEY, SOUTH
AFRICA
INTRODUCTION
Organochlorine compounds (OCs) including polychlorinated biphenyls (PCBs)
and organochlorine pesticides like dichlorodiphenyltrichloroethane (DDT) were widely
used after World War II in agriculture and industry (Bowerman et al. 1995). After it was
determined that these compounds caused negative impacts on wildlife and human health
many were banned (Blus 2011; Bowerman et al. 2003; Pittman et al. 2015; Purnomo et
al. 2011; Venier and Hites 2014; Yohannes et al. 2013). Although these compounds have
been banned for decades they degrade slowly in the environment and bioaccumulate in
wildlife; as a consequence, these chemicals can still be found in wildlife today and can be
found at levels that cause toxicity (Newman 2010).
Africa, and specifically the country of South Africa, has used, and in some
instances continues to use, OCs in industry, agriculture and disease vector control (De
Kock and Boshoff 1987; Hollamby et al. 2004a; Yohannes et al. 2014; Yohannes et al.
2013). OCs have been reported in the aquatic environment and many wildlife species in
South Africa (Amdany et al. 2014; Bouwman et al. 2008; De Kock and Boshoff 1987;
Evans and Bouwman 2000; Loetter and Bouwman 2001; Pick et al. 1981; van Wyk et al.
2001a). OCs accumulate in avian tissues and more specifically have been reported in
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flamingo and fish eagle tissue (Bowerman et al. 2003; Guitart et al. 2005; Hollamby et al.
2004a; Pittman et al. 2015; Sakellarides et al. 2006).
This research was conducted to determine if OCs are entering the aquatic based
food web of avifauna near Kimberley, South Africa. The Kimberley area is important for
avian conservation since it is the location of Kamfers Dam, which is considered a Natural
Heritage Site by the Government of South Africa and an Important Bird Area by BirdLife
South Africa (Flack-Davidson 2009). One hundred and eighty-six bird species have been
recorded at Kamfers Dam including the near threatened lesser flamingo (Phoeniconaias
minor) and the African fish eagle (Haliaeetus vocifer) (Koen et al. 1994). Kamfers Dam
is a large wetland situated seven kilometers north of the city of Kimberley. The dam is
endorheic and its main inputs are effluent from a waste water treatment plant, storm
water runoff and rainfall. This natural salt pan periodically supports the growth of the
cyanobacteria Arthrospira fusiformis, which forms massive blooms due to the high
salinity and large nutrient inputs from untreated sewage water. This cyanobacteria
species is the primary food source for the lesser flamingo and the abundance of this algae
at Kamfers Dam has attracted large flocks of lesser flamingos (i.e. population size
ranging from 20,000 to 80,000 birds) (Childress et al. 2008). In 2006, a man-made
breeding island was constructed on Kamfers Dam, which instigated three consecutive
breeding seasons producing 22,000 chicks, making Kamfers Dam potentially the sixth
breeding location in the world for this species (Anderson and Anderson 2010).
The area surrounding Kimberley, mainly along the Vaal River, supports at least
13 breeding pairs of African fish eagles, including one pair which preys on the lesser
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flamingos at Kamfers Dam. Sea eagles (Genus Haliaeetus) have been used as sentinel
species all over the world as they are tertiary predators and can be used as bioindicators
of environmental pollution (Bowerman et al. 2003; Helander et al. 2008; Hollamby et al.
2004a; Nordlof et al. 2012; Pittman et al. 2015). The Vaal River is the second largest
river in South Africa and supplies water to twelve million people (Hogan 2013). The
river is subject to nutrient loading from agriculture as well as industrial pollution
(Bouwman et al. 2008; Hogan 2013). The source of the Vaal River is in the Mpumalanga
Province, this area has used indoor residual spraying of DDT for the control of malaria
since 1946 and still uses DDT to date (WHO 2007). In the 2005-2006 malarial season
more than 87,000 kg of DDT was applied in South Africa (WHO 2007).
The objectives of this study were to: 1) determine the concentrations of 30 OC
compounds including PCBs, DDT and its degradation products in the plasma of 17 adult
and juvenile lesser flamingos at Kamfers Dam and in the plasma of 13 African fish eagle
chicks located in the Kimberley area and compare concentrations between the two
species; 2) to determine if OCs are in the avifauna food web in Kimberley which could be
a threat to the lesser flamingo population at Kamfers Dam and 3) to compare our data
with published literature.
METHODS
Study Site
Kamfers Dam, with an approximate surface area of 500 hectares, is located in Kimberley,
Northern Cape Province, South Africa (Figure 4.1). The city of Kimberley lies to the
south of Kamfers Dam with a population of approximately 243,000 (Community Survey
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2007). The city water supply comes from the Vaal River located to the north of Kamfers
Dam. Kamfers Dam is at an elevation of approximately 1164 m and receives storm water
runoff and sewage effluent from the city of Kimberley and rainfall from a catchment area
of 160 km2 with the average yearly precipitation of 414 mm (Community Survey 2007).
Capture sites at Kamfers Dam were chosen where large groups of lesser
flamingos were aggregating close to the shoreline in shallow water. The three capture
sites included a freshwater pond on the western side of the dam (28.66566°S,
24.75398°E), the northern edge of the dam (28.65756°S, 24.76514°E), and at the eastern
edge of the dam (28.66706°S, 24.77307°E). All sites were located away from the
flamingo breeding island to minimize any disturbance to birds on the island.
Field Methods
Flamingos
All flamingo trapping, handling and transport of biological samples was
performed according to an Animal Use Protocol approved by Clemson University’s
Institutional Animal Care and Use Committee and approved by Northern Cape Province
Department of Environment and Nature Conservation and CITES. All birds trapped
appeared healthy and had no overt signs of illness.
Two noose carpet traps (120 cm x 245 cm) were fabricated of 2.5 mm thick
galvanized steel mesh (50 mm x 50 mm squares) welded to a steel rod border. On every
third or fourth intersection of the mesh a noose was tied. The nooses were made of 29.5
kg test nylon fishing line. Noose carpet design was based on Childress and Jarrett
(2005). Noose carpets were placed into water approximately 30-60 cm deep in areas
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where flamingos frequently walk based on observations of the birds each morning on
arrival to the site. Traps were observed at all times and trapped birds were removed from
the noose carpet immediately. A processing station was set up behind the vehicle to keep
out of sight and encourage the birds to return to the trapping site. Morphological
measurements were recorded for each bird to determine sex (Childress et al. 2005) and a
silver South African Bird Ringing Unit band was placed on the right leg above the ankle
joint.
Fish Eagles
Active fish eagle nests were identified by helicopter.

The 13 fish eagle nest sites

were located and are mapped on Figure 4.2. All animal trapping, handling and transport
of biological samples was performed according to an Animal Use Protocol approved by
Clemson University’s Institutional Animal Care and Use Committee and approved by
Northern Cape Province Department of Environment and Nature Conservation and
CITES. All nestlings appeared healthy and had no overt signs of illness.
Fish eagle nestlings were removed from the nest by a trained climber and lowered
to the ground for processing. Morphological measurements were taken, blood was drawn
from the brachial vein and the nestling was banded before being returned to the nest, this
method was documented in Bowerman et al. (1995) and Hollamby et al. (2004b).
Approximately 5 mL of blood was collected from the brachial vein on the inside
of the wing using a 23 g needle on a 5 mL syringe and sterile techniques. These samples
were placed into a sterile sodium heparin BD vacutainer® tube and stored on ice. After
sampling, whole blood samples were placed in a centrifuge and spun at 1200 rpm for 10
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min. Plasma was pipetted off the red blood cell portion and placed in a trace element
serum BD vacutainer® tube.
Laboratory Methods
Solid-Phase Extraction
A solid-phase micro-extraction procedure for the cleanup and extraction of
organochlorine compounds from blood plasma as described in Sundberg et al. (2006) was
used. Briefly, plasma samples were fortified with surrogate compounds (0.1 ml), to assess
consistency in the extraction and cleanup process, and an approximately 8M solid urea
solution. Two 0.1 mL volumes of sterile chicken plasma were fortified with surrogate
compounds and solid urea solution, for use as control samples in every batch of plasma
samples that was analyzed. Additionally, two 0.1 mL volumes of sterile chicken plasma
were fortified with surrogate compounds, solid urea solution, and known amounts of all
analytes of interest (spikes) to examine recovery from the extraction and cleanup process.
The plasma samples were diluted with 0.9 mL of Nanopure™ water and stirred for 25
min. Each sample was then passed through a 30 mg Oasis HLB solid-phase microextraction cartridge and sample vials and cartridges were rinsed with Nanopure™ water.
Analytes were eluted from the cartridges using two 1.0 ml volumes of dichloromethane.
Sample elutions were concentrated under a gentle stream of nitrogen gas until dry.
Finally, we added internal standard compounds to monitor gas chromatograph (GC)
performance, and adjusted each sample to a final volume of 0.1 mL using hexane.
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OC and PCB Analysis
Individual analytes were quantified using an Agilent 7890 GC with an Electron Capture
Device (ECD). GC settings were consistent with the quantitation methods described in
EPA method 8081 and 8082. The GC was configured with a split injection, with dual
columns and ECD detectors to confirm the detection of each analyte. Individual analyte
calibration curves were developed for individual analyte quantification. Two blanks and a
calibration solution were analyzed with every set of extracted plasma samples to monitor
for sample carry over, calibration performance and possible GC contaminations. Method
detection limits (MDL) and quantification limits were calculated for each analyte,
quantification limits for all analytes ranged from 1.98 to 2.01 µg/kg. For quality control
purposes, values first detected on both GC columns were reported then analytes that were
detected at concentrations above the detection and quantification limits. ∑DDTs, the sum
of five DDT degradation products, and the ∑PCBs were reported. ∑PCBs are the sum of
the concentrations of 22 non-coplanar congeners of PCBs which act as a surrogate for
coplanar PCB since they are often difficult to detect and quantify (Bergen et al. 1996).
Quality assurance protocols were used which require spike recoveries for each
batch of extracted plasma samples to average between 70 to 130% of the nominal
concentration of analytes. If the spikes of a batch do not meet these criteria the extraction
and cleanup method was repeated.
Data Analysis
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Statistical analyses were performed using the JMP Pro 10 statistical package
(SAS Institute Inc. 2007). Due to the non-normal/skewed nature of the distributions nonparametric approaches were used for the statistical analyses. Medians and interquartile
ranges (IQR) are reported as the measures of central tendency and dispersion.
ANCOVA based on ranks was used to determine if there were differences among
male/female and adult/immature flamingos and between species for each analyte.
Spearman’s rank correlation was used to determine any linear relationship between
analytes with non-detects assigned half the MDL (1.0 µg/kg).
RESULTS AND DISCUSSION
Non-Detects
Of the 23 OC compounds and 22 PCB congeners measured in this study, nine OC
compounds and 14 PCB congeners were below the MDL for all flamingo and fish eagle
samples. These analytes include PCB congeners 8, 28, 44, 77, 101, 105, 128, 153, 170,
180, 187, 195, 206 and 209 and OC compounds alpha-BHC, delta-BHC, alpha-chlordane,
endosulfan sulfate, endrin, endrin ketone, heptachlor epoxide, methoxychlor and dieldrin.
PCBs
Table 4.1 reports the medians, IQRs and ranges for the ∑PCBs and PCB
congeners in plasma samples of flamingos and fish eagles. The median concentrations
for ∑PCBs were 9.46 and 4.45 µg/kg for flamingos and fish eagles, respectively.
Concentrations of ∑PCBs were significantly different between fish eagle and flamingo
plasma (F = 12.01, p = 0.002). Several of the individual PCB congener concentrations
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were also significantly different between species including PCB 18 (F = 10.03, p =
0.004), PCB 52 (F = 4.49, p = 0.043), PCB 110 (F = 6.98, p = 0.013), PCB 126 (F = 8.11,
p = 0.008) and PCB 138 (F = 8.11, p = 0.008). ∑PCBs were also significantly different
between immature and adult flamingos (F = 5.04, p = 0.043). ∑PCBs in flamingos were
positively correlated with bird weight (rS = 0.504, p = 0.039), ∑DDTs (r S = 0.506, p =
0.038), gamma-chlordane (rS = 0.753, p = 0.001), Aldrin (rS = 0.561, p = 0.019) and 2,4’DDE (rS = 0.638, p = 0.006).
There is limited literature on PCB concentrations in any flamingo species. Guitart
et al. (2005) reported ∑PCB concentrations in greater flamingo ( Phoenicopterus ruber)
eggs from Spain at 528 µg/kg. Sakellarides et al. (2006) reported ∑PCB concentrations of
363 and 581 µg/kg in liver and fat respectively, of greater flamingos in Greece. Gutierrez
et al. (1997) reported a concentration of 2,235 µg/kg ∑PCBs in the liver of greater
flamingos in Spain. These higher concentrations in greater flamingos compared to our
results for lesser flamingos may reflect several differences including different trophic
level of food sources, differences in contamination levels of habitats and differences in
accumulation of PCBs in eggs, liver and fat compared to plasma as well as species
differences in the ability to metabolize and excrete these compounds (Bouwman et al.
2008; De Kock and Randall 1984; Sakellarides et al. 2006) .
Bouwman et al. (2008) reported ∑PCB concentrations in eggs of several bird
species from South Africa including cattle egret (Bubulcus ibis) 3.8-8.0 µg/kg, African
darter (Anhinga rufa) 300 µg/kg, reed cormorant (Phalacrocorax africanus) 110 µg/kg,
African sacred ibis (Threskiornis aethiopicus) 59 µg/kg, white fronted plover
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(Charadrius marginatus) 33 µg/kg, kelp gull (Larus dominicanus) 100 µg/kg, crowned
plover (Vanellus coronatus) 9.7 µg/kg and little grebe (Tachybaptus ruficollis) 11 µg/kg.
Cattle egret eggs collected from the Vaal River were significantly higher in ∑PCBs than
those collected elsewhere (Bouwman et al. 2008). While significant correlations have
been found between concentrations of PCBs in blood and other avian tissues, it is
difficult to directly compare these findings (Marsili et al. 1996).
The fish eagle nestlings sampled closest to Kamfers Dam had a ∑PCB
concentration of 2.48 µg/kg. The highest ∑PCB concentration detected (7.55 µg/kg) was
below the No Observable Adverse Effects Concentration (NOAEC) for productivity in
nestling bald eagles (Haliaeetus lecucocephalus) of 36.4 µg/kg (Bowerman et al. 2003).
∑PCBs in fish eagles were positively correlated with ∑DDTs (r S = 0.562, p = 0.046),
congener PCB 110 was positively correlated with beta-BHC (rS = 0.565, p = 0.044) and
4,4’-DDE (rS = 0.664, p = 0.013) and congener PCB 66 was positively correlated with
∑DDTs (rS = 0.598, p = 0.031). Hollamby et al. (2004a) collected blood samples from
15 adult and 18 nestling African fish eagles in Uganda and found all samples were below
the detection limit of 3 µg/kg for ∑PCBs.
PCBs can increase the negative effects of DDE so while the individual median
concentrations in this study were below levels reported to have adverse effects we do not
understand the effect of mixtures of these chemicals in the body (Bogan and Newton
1974; Bowerman et al. 1995). Both the African fish eagle and the lesser flamingo are
long lived species (12-24 years and 40-50 years, respectively) giving them a long time to
accumulate these chemicals. Bustnes et al. (2001) found Glaucous gulls (Larus
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hyperboreus) to have reduced nest site attentiveness at blood PCB concentrations
between 50 and 1,100 µg/kg which was higher than our median concentrations for both
flamingo and fish eagle but within the range of concentrations detected in our flamingo
samples. Lesser flamingos rarely breed in consecutive years, with up to 10 years between
successful breeding seasons so even a small change in their nest attentiveness or other
breeding or parental behavior due to these organochlorine compounds could have
negative effects on the species (Anderson and Anderson 2010; Simmons 1996). PCBs
and DDT have also been found to alter the algal species assemblage in mixed cultures
(Mosser et al. 1972). While the flamingos’ food source is currently abundant at Kamfers
Dam, continued inputs of these contaminants could affect the algal assemblage at
Kamfers Dam as well as other lesser flamingo habitats.
DDT
The median for ∑DDTs was 4.66 and 9.08 µg/kg in flamingos and fish eagles,
respectively (Table 4.1). Median ∑DDT concentrations were signif icantly different
between species (F = 4.42, p = 0.045) as were 4,4’-DDE concentrations (F = 23.09, p =
<0.0001) and 2,4’-DDE concentrations (F = 5.34, p = 0.028). ∑DDT concentration in
flamingos was positively correlated with bird weight (r S = 0.565, p = 0.018) and gamma chlordane (rS = 0.503, p = 0.039). 4,4-DDT was positively correlated with 2,4-DDT in
flamingo plasma (rS = 0.537, p = 0.0260). 4,4’-DDE concentration in flamingo plasma
was positively correlated with gamma-BHC (rS = 0.729, p = 0.001), heptachlor (rS =
0.638, p = 0.006) and PCB 52 (rS = 0.49, p = 0.046). 2,4’-DDE in flamingo plasma was
also positively correlated with bird weight (r S = 0.671, p = 0.003). ∑DDT and 2,4’-DDE
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were significantly different between immature and adult flamingos (F = 4.95, p = 0.044)
and (F = 6.05, p = 0.029), respectively.
Unhatched greater flamingo eggs from Spain had 100% occurrence of 4,4’-DDE
and the geometric mean was 721 µg/kg (Guitart et al. 2005). Greater flamingos from
Greece were reported to have 4,4’-DDT, 4,4’-DDE and 4,4’-DDD in liver tissue at 82.3,
3350, and 33.7 ng/g respectively. Fat tissue from these greater flamingos had 4,4’-DDT,
4,4’-DDE and 4,4’-DDD concentrations of 0.7, 5629, and 36 ng/g respectively
(Sakellarides et al. 2006). De Kock and Boshoff (1987) reported mean ∑DDT
concentrations for several South African bird species ranging from 0.01 µg/g in the brain
tissue of the darter (Anhinga melanogaster) to 0.68 µg/g in fat tissue of white-breasted
cormorants (Phalacrocorax carbo).
Similar to flamingos, published literature on OCs in African fish eagles is limited
although their trophic position and relation to other fish eagle species allows for more
comparisons with species that have been studied extensively. Hollamby et al. (2004a)
reported the presence of 4,4’-DDE in African fish eagle plasma samples from Uganda at
concentrations ranging from 1-5 µg/kg while 2,4’-DDD, 4,4’-DDD, 2,4’-DDT and 4,4’DDT were all below the detection limit of 1 µg/kg. Bald eagles have been reported to
have a geometric mean range of 3-35 µg/kg of 4,4’-DDE in the upper Midwest of the
United States (Bowerman et al. 2003). Bowerman et al. (2003) also reported a
productivity NOAEC of 11.4 µg/kg 4,4’-DDE for bald eagles, our 4,4’-DDE median
concentration was lower than this concentration at 3.15 µg/kg but the upper end of our
range was greater than this concentration at 97.77 µg/kg for the fish eagle nestling at our
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farthest downstream nest on the Vaal River. This nestling also had a ∑DDT
concentration of 179.55 µg/kg and a 2,4’-DDE concentration of 81.78 µg/kg. The fish
eagle nestling closest to Kamfers Dam had a ∑DDT concentration of 9.56 µg/kg and
concentrations of 2,4’-DDE and 4,4’-DDE at 2.79 and 4.09 µg/kg, respectively.
Smith and Bouwman (2000) reported blood plasma ∑DDT concentrations in
terrestrial raptors from the northwestern South Africa ranging from 1.52-15.73 µg/kg.
African white-backed vultures (Gyps africanus) at the Dronfield Nature Reserve, which
is separated from Kamfers Dam by a highway, had a mean blood ∑DDT concentration of
9.63 µg/L although the isomers and degradation products included in this analysis were
not identified (van Wyk et al. 2001).
The congener 2,4’-DDE was detected in all 17 flamingo samples and was
surprisingly 100% of the detected DDT in ten of the 17 flamingo samples (Figure 4.3).
2,4’-DDE was detected in all 13 fish eagle samples at an average of 52% of the ∑DDT
concentration (Figure 4.4). Samples from bald eagles in the United States typically have
4,4’-DDE detected at 90% of the ∑DDT concentration (Wierda 2009) while 4,4’-DDE
was only detected in two of the 17 flamingo samples (at 17% and 58% of the ∑DDT
concentration) and was detected in 12 of the 13 fish eagle samples at an average of 36%
of the ∑DDT concentrations.
The source of the DDT in these flamingos and fish eagles is unknown. Residence
time of DDT can be estimated by looking at the concentration ratio of metabolites to the
parent compound (4,4’-DDE + 4,4’-DDD) to 4,4’-DDT; a ratio greater than one indicates
an older environmental source while a ratio less than one indicates recent exposure (Fu et
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al. 2009; Jaga and Dharmani 2003). All of the ratios for the fish eagles in this study were
above 1 with the mean of these ratios being 10.43. The mean ratio for the flamingos in
this study was 2.30, with all but 2 of the samples having a ratio above one. The two birds
with ratios below one had only 4,4’-DDT or 2,4’-DDT detected, indicating recent
exposure to the parent compound. DDT was a heavily used pesticide for farming before
being banned and is still in use for malaria control in other areas of South Africa.
Although the Kimberley area does not use DDT spraying for malaria it is possible that it
is reaching this area passively via wind or water transport (Quinn et al. 2011).
Another possible source of DDT may be dicofol, which is currently in use as an
acaricide on crops in South Africa (Qiu et al. 2005; Quinn et al. 2011). Technical DDT is
used to produce dicofol, and the resulting material contains impurities including 2,4’DDT at about 11% of the finished dicofol product (Qiu et al. 2005; Venier and Hites
2014). Qiu et al. (2005) used the ratio of 2,4’-DDT to 4,4’-DDT to determine if the
source of DDT pollution was from actual DDT or from the use of dicofol. A higher 2,4’DDT to 4,4’-DDT ratio (1.3-9.3) indicated dicofol type DDT pollution while a lower
ratio (0.2-0.3) indicated technical DDT pollution due to the higher concentration of 2,4’DDT in dicofol (Qiu et al. 2005). Of our 27 combined flamingo and fish eagle samples,
19 had no detectable concentration of 2,4’-DDT or 4,4’-DDT, the ratios for the other
samples ranged from 0.26 to 0.65, indicating technical DDT as the pollution source.
Although this ratio calculation indicates technical DDT as the pollution source, 2,4’-DDT
is less stable in the environment than 4,4’-DDT so if the environmental exposure wasn’t
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recent this ratio may be skewed due to differences in degradation rates (Fu et al. 2009;
Jaga and Dharmani 2003).
These ratios also do not explain why ten of our flamingo samples had only 2,4’DDE above MDL or why 2,4’-DDE is approximately 50% of the ∑DDT found in the fish
eagle samples. Algae have been shown to accumulate DDT (Goulding and Ellis 1981;
Hargrave et al. 2000; Lal et al. 1987; Rice and Sikka 1973). Algae can also metabolize
DDT into DDE and DDD and the main metabolite produced is species specific (Lal et al.
1987; Megharaj et al. 2000; Rice and Sikka 1973). The hypereutrophic conditions in
Kamfers Dam as well as the unique water chemistry may be contributing to increased
accumulation of DDT and other organochlorines in the algae which the flamingos feed
on. Halling-Sorensen et al. (2000) reported that algae can reach maximum DDT
accumulation within an hour. The high concentration of algae in Kamfers Dam may
mean that any DDT entering Kamfers Dam could be immediately entering algal cells,
lessening the opportunity for DDT or its metabolites to undergo volatilization, photolysis
or adsorption to sediments. There may also be an unknown point sources of DDT
contamination in the Kimberley area.
Other OCs
Several other organochlorine analytes were detected in a small number of fish
eagle and flamingo plasma samples including gamma-BHC (lindane), beta-BHC,
gamma-chlordane, endosulfan, aldrin, endrin aldehyde, heptachlor and
hexachlorobenzene (HCB) (Table 4.1). The only statistically significant difference found
was gamma-chlordane, which was significantly different between species (F = 4.97, p =

83

0.034). The fish eagle nestlings closest to Kamfers Dam were below detection limits for
all analytes except PCBs and DDTs. Many of the detected OCs were also reported by
Loetter and Bouwman (2001) in helmeted guineafowl (Numida meleagris) in South
Africa. The majority of these OC analytes were only detected in lesser flamingo plasma.
Only HCB and beta-BHC were detected in fish eagle plasma, this may reflect the long
range nomadic movements of the lesser flamingos which exposes them to more habitats
and pollutants.
CONCLUSIONS
The effect of mixtures of these contaminants in biota is unknown and may be part
of the reason why the cause of previous flamingo die-off events cannot be discerned.
Lesser flamingos are nomadic, flying to water and food sources at night. Consequently, it
would require further studies, including telemetry or marking studies, to determine the
sources of exposure. There is a wide discrepancy in OC concentrations within individual
flamingos which may reflect different foraging location preferences within Kamfers Dam
or at other unknown foraging locations.
Fish eagles are territorial and their contaminant load is more reflective of the local
area surrounding their nest. One fish eagle nestling had elevated DDE concentrations
most likely indicating point source pollution in the area of the nest. Several eagles had
4,4’-DDT in their plasma indicating recent exposure although the source is unknown,
these nests were grouped closest to Kimberley.
This study contributes to the relatively small amount of data available on
persistent organic pollutants in South African wildlife and, more specifically, adds to the
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extremely small amount of data available for the near threatened lesser flamingo and the
African fish eagle. While concentrations found in both lesser flamingos and fish eagles
were mostly below levels of concern, the lack of published data on 2,4’-DDE
concentrations in wildlife and toxicity values for this specific degradation product is
concerning and points to a need for monitoring this analyte as well as 4,4’-DDE which
has much more published data. PCBs were also detected in flamingo and fish eagle
samples and could be problematic as they increase the effects of DDT, can potentially
affect reproduction and can alter the algal community that flamingos depend on.
Continued monitoring of these persistent pollutants in the Kimberley area is warranted.
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TABLES AND FIGURES
Table 4.1: Medians, IQRs and ranges of organochlorine compounds (µg/kg) in the plasma of lesser
flamingos (Phoeniconaias minor ) and African fish eagles (Haliaeetus vocifer ) from the Kimberley
region of South Africa.
Phoeniconaias minor
Haliaeetus vocifer
Compounds
(n =17)
Number of
∑PCBs

detected

◊

†

(n =13)
Number Median
of value of
†
Range detected detected IQR*

Median
value of
detected IQR*

15

9.46 11.85 (ND-151.26)

16

4.46

8.61 (ND-16.99)

4,4'-DDT

3

3.50

0.73

4,4'-DDE

2

2.55

4,4'-DDD

4

2,4'-DDT
2,4'-DDE

∑DDTs

◊

◊

◊

Range

6

4.45

4.35

(ND-7.55)

13

9.08

1.82 (4.04-179.55)

(ND-3.90

5

2.74

0.06

(ND-3.14)

0.32

(ND-2.87)

12

3.15

1.82

(ND-97.77)

2.82

1.08

(ND-5.95)

0

ND

−

ND

1

2.28

0.00

(ND-2.28)

0

ND

−

ND

16

3.20

2.26 (ND-13.97)

13

4.09

0.73 (2.75-81.78)

HCB

4

2.74

0.83

(2.11-5.42

2

3.95

0.19

(ND-4.15)

gamma-BHC

1

9.98

−

−

0

ND

−

−

beta-BHC

0

ND

−

−

1

22.71

−

−

heptachlor

1

3.86

−

−

0

ND

−

−

aldrin

2

2.85

0.52

ND-3.38)

0

ND

−

−

gamma-chlordane

◊

5

4.65

0.87

(ND-7.40)

0

ND

−

−

endosulfan

1

2.84

−

−

0

ND

−

−

endosulfan II

1

2.94

−

−

0

ND

−

−

endrin aldehyde

1

3.74

−

−

0

ND

−

−

PCB 18

8

4.23 14.53 (ND-41.81)

0

ND

−

−

PCB 52

7

2.52

1

2.48

−

−

1

2.25

−

−

3

4.87

0.94

(ND-6.10)

PCB 110

0

ND

−

−

4

2.75

0.21

(ND-3.03)

PCB 118

1

2.01

−

−

0

ND

−

−

PCB 126

7

3.65

1.33

(ND-7.07)

0

ND

−

−

PCB 138

7

3.94

6.37 (ND-104.31)

0

ND

−

−

PCB 156

1

5.14

0

ND

−

−

◊
◊

PCB 66

◊

◊
◊

0.94 (ND-12.19)

−

−

* Interquartile range
† Number of samples found with detectable concentrations of OC analytes
◊Significant difference between species
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Figure 4.1: Map of Kamfers Dam, flamingo breeding island and trapping sites along
with the location of Kamfers Dam within South Africa.
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Figure 4.2: Satellite view of the Vaal River in relation to Kamfers Dam with African fish
eagle (Haliaeetus vocifer) nest locations identified.
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Figure 4.3: Percentage of DDT metabolites in ∑DDT concentrations detected in lesser
flamingos (Phoeniconaias minor) plasma from Kamfers Dam in Kimberley, South
Africa.
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Figure 4.4: Percentage of DDT metabolites in ∑DDT concentrations detected in African
fish eagle (Haliaeetus vocifer) plasma from the Kimberley area of South Africa.
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CHAPTER FIVE
CONCLUSIONS
This study began as an investigation into the ecological and toxicological
constraints on the success of a breeding population of lesser flamingos (Phoeniconaias
minor) at Kamfers Dam in Kimberley, South Africa. The overall objective of the study
was to determine which stressors have the potential to negatively affect the lesser
flamingos at Kamfers Dam and to further quantify these potential threats. The focus was
then narrowed to two main areas of investigation: water quality and exposure to
contaminants.
Chapter one reviews basic lesser flamingo ecology, geographic distribution and
major threats to the species. Lesser flamingos are obligate filter feeders, depending
primarily on the cyanobacteria Arthrospira fusiformis for food (Anderson et al. 2004).
Their habitat needs are very specific, shallow alkaline/saline waterbodies which support
the growth of their preferred food (Fowler and Cubas 2001; Vareschi 1978; Williams and
Velasquez 1997). The world population of lesser flamingos is estimated at 1.7 million
individuals but the species has experienced 20-30% declines in population since the
1970’s (Childress et al. 2008). The most important threat to this species is degradation
and loss of their specialized habitat (Childress et al. 2008). The chapter then focuses on
the study area, Kamfers Dam. It is a perennial saline wetland which is hypereutrophic
due to untreated sewage water inputs. Kamfers Dam provides important habitat for lesser
flamingos as well as other waterbirds; 186 bird species have been recorded at the dam
and surrounding area (Koen et al. 1994). A breeding island was constructed for the lesser
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flamingos in 2006 and precipitated three consecutive successful breeding seasons
producing approximately 22,000 chicks (Anderson and Anderson 2010). Kamfers Dam
is potentially the sixth breeding location in the world for lesser flamingos if conditions
can be maintained to promote successful breeding.
Chapter two focuses on the water quality and algal community of Kamfers Dam.
The objectives of this chapter were to (1) monitor changes in the water quality and
phytoplankton community at Kamfers Dam and (2) determine whether changes in the
water quality could be used to predict changes in the algal community. The water quality
and algal community of Kamfers Dam were monitored using historical water quality data
and new water quality analyses. A. fusiformis was positively correlated with
conductivity, total dissolved salts and negatively correlated with total phosphorous.
While significant correlations were found, attempts to develop a model for predicting
algal community composition were unsuccessful due to strong multicollinearity among
the water chemistry parameters. A. fusiformis was consistently present in Kamfers Dam
at each sampling date, though its density varied from 1800 to 6.2 million cells per
milliliter. Although we were not able to clearly define all of the factors affecting the
phytoplankton community at Kamfers Dam, it is clear that a management plan for this
important bird habitat must include bringing the sewage treatment plant up to current
repair, introducing proper plant management, ensuring that outflow from the plant is up
to South African water quality guidelines and maintaining a manageable water level.
Continued monitoring of the water quality and algal community at Kamfers Dam is
necessary both to continue to put together the pieces of how water quality affects the
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algal community and to monitor for contaminants and for the presence of cyanobacterial
species which produce toxins.
Chapter three examines lesser flamingo feathers for trace metal exposure. The
objectives of this chapter were to (1) determine concentrations of AS, Cd, Cu, Cr, Fe, Pb,
Hg, Mo, Ni, Se and Zn in the feathers of healthy lesser flamingos at Kamfers Dam and
(2) determine concentrations of Cd and Pb in the plasma and red blood cell components
of blood samples from the same set of lesser flamingos for comparison with
concentrations found in feathers and for further comparison with data from published
literature.
Lesser flamingos had a median whole blood Cd concentration of 1.53 µg/g dw.
This concentration is similar to that found in red-knobbed coots in South Africa,
significantly higher than Cd concentrations in the blood of greater flamingos in France
and within the lower end of the range of Cd concentrations found in African penguins
from the Western Cape of South Africa (Amiard-Triquet et al. 1991; Summers 2012; van
Eeden 2003). Median whole blood Pb concentration found in lesser flamingos was 2.48
µg/g dw. This concentration was similar to levels found in white-backed vultures nesting
near Kamfers Dam and lower than concentrations found in red-knobbed coots from South
Africa (van Eeden 2003; van Wyk et al. 2001b). Plasma concentrations of Cd were
statistically positively correlated with feather Cd concentrations and Pb plasma
concentrations were weakly positively correlated with Pb feather concentrations. Our
median cadmium feather concentration (0.26 µg/g) was similar to other concentrations
found in published literature for many bird species including greater flamingos and other
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waterbirds (Lucia et al. 2010; Rattner et al. 2008) but was higher than that of lesser
flamingo feathers from Namibia (Burger and Gochfeld 2001). The median Pb feather
concentration was 13.75 µg/g. This concentration was higher than many other
concentrations found in published literature including lesser flamingos in Namibia
(Amiard-Triquet et al. 1991; Ancora et al. 2008; Barbieri et al. 2010; Burger and
Gochfeld 2001; Hargreaves et al. 2010; Rattner et al. 2008). The median feather Hg
concentration in this study was 0.42 µg/g which was higher than that found in lesser
flamingos from Namibia but lower than concentrations reported to have toxic or
reproductive effects on birds (Burger and Gochfeld 2001; Evers et al. 2008; OchoaAcuna et al. 2002).
All other trace element concentrations found in this study were comparable to
concentrations found in other bird species or were below concentrations considered toxic
where data was available for comparison. The concentration of metals found in Kamfers
Dam lesser flamingos do not appear to be having an overtly negative effect on their
health as all of the birds appeared healthy at the time of sampling. This study contributes
to a relatively small amount of knowledge on metal levels in the blood and feathers of
healthy wild lesser flamingos. These tissue concentrations provide comparison data for
non-lethal tissue collection, an important factor for a near threatened species.
Chapter four focuses on determining levels of organochlorine compounds in the
plasma of lesser flamingos at Kamfers Dam as well as in the plasma of nestling fish
eagles in the Kimberley area of the Northern Cape. The first objective of this chapter
was to determine the concentrations of 30 OC compounds including PCBs, DDT and its
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degradation products in the plasma of 17 adult and juvenile lesser flamingos at Kamfers
Dam and in the plasma of 13 African fish eagle chicks located in the Kimberley area.
Our second objective was to compare these results with published literature and to
determine if OCs are in the avifauna food web and if they are a threat to the lesser
flamingo population at Kamfers Dam.
Median concentrations of ∑PCBs were 9.46 and 4.45 µg/k g for lesser flamingos
and fish eagles respectively and were significantly different between species and between
adult and immature lesser flamingos. The highest ∑PCB concentration detected in
African fish eagle nestlings (7.55 µg/kg) was below the NOAEC concentration for
productivity in nestling bald eagles (Haliaeetus leucocephalus) of 36.4 µg/kg (Bowerman
et al. 2003). The median concentrations for ∑DDTs were 4.66 and 9.08 µg/kg in
flamingos and fish eagles, respectively and were significantly different between species
and between adult and immature lesser flamingos. The upper end of our range of 4,4’DDE concentrations in African fish eagles was above the productivity NOAEC of 11.4
µg/kg 4,4’-DDE for bald eagles (Bowerman et al. 2003). The congener 2,4’-DDE was
detected in all 17 flamingo samples and was 100% of the detected DDT in nine of the 17
flamingo samples. 2,4’-DDE was detected in all 13 fish eagle samples at an average of
52% of the ∑DDT concentration as well.
The source of the DDT found in this study is unknown, possible current sources
include DDT used in malaria control in other areas of South Africa, the acaricide dicofol
which has DDT as an impurity and is applied to crops in South Africa and possible point
source pollution from unknown sites in the Kimberley area. Historical use of DDT on
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crops before it was banned is another potential source. One fish eagle nestling had very
high DDE concentrations most likely indicating point source pollution in the area of the
nest. Several eagles had 4,4’-DDT in their plasma indicating recent exposure although
the source is unknown, these nests were grouped closest to Kimberley.
This study contributes to the relatively small amount of data available on
persistent organic pollutants in South African wildlife and, more specifically, adds to the
extremely small amount of data available for the near threatened lesser flamingo and the
African fish eagle. While concentrations found in both lesser flamingos and fish eagles
were mostly below levels of concern, the lack of published data on 2,4’-DDE
concentrations in wildlife and toxicity values for this specific degradation product point
to a need for monitoring this analyte as well as 4,4’-DDE which has much more
published data. PCBs were also detected in flamingo and fish eagle samples and could be
problematic as they increase the effects of DDT, can potentially affect reproduction and
can alter the algal community that flamingos depend on. Continued monitoring of these
persistent pollutants in the Kimberley area is warranted.
Clearly the most impactful threat to the lesser flamingos at Kamfers Dam is
currently the quantity of water entering the dam. Too much water floods the breeding
island and changes the water chemistry away from favorable conditions for the
flamingos’ food source. Too little water threatens to dry up the dam, eliminating feeding
habitat all together. Management of the waste water treatment plant is essential to
maintaining a favorable habitat for the lesser flamingos at Kamfer Dam. Beyond water
management, monitoring of organochlorines entering Kamfers Dam is also important as
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the lesser flamingos are accumulating these chemicals which can have sub-lethal effects
on reproductive success. While trace element concentrations in the lesser flamingo
feathers were not at toxic levels, routine monitoring of these concentrations in healthy
birds, as well as concentrations of organochlorines, will allow for more definitive
determination of the causes for mass mortalities in the future.
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